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ABSTRACT
A unit with controlled environment was designed and developed 
to study the physiological responses of wired and caged White Leg­
horn layers under different thermal environments. The changes in 
body temperature, respiration rate and heart rate were recorded. 
Also changes in egg characteristics, on exposure to radiant heat, 
were studied.
For group I five healthy hens, dubbed at an early age, were 
obtained from a commercial source and were exposed to each of the 
following sets of environment for 24 hours.
Ambient temperature (°F) 60-80 85 90 95
Relative humidity (j6) Z.40 40-60 >60
Black globe temperature differencial (°F) 0 2 4
The environmental unit had a constant air exchange of 530 cfm. at 
the cage level. The hens were exposed to eight hours of light each 
day. Care was taken not to disturb the birds while collecting the 
data at 12-hour intervals. An increase in temperature or humidity 
and their interaction generally caused an increase in body tempera­
ture and respiration rate with a decline in heart rate. A rise in 
body temperature was observed at low radiant heat level which was 
either lowered or maintained on exposure to high level. It also 
appeared to enable the birds to tolerate higher ambient temperature 
levels as was generally shown by the lowered rate of increase in 
body temperature when ambient temperature was increased in the 
presence of radiant heat.
Five younger and undubbed hens in group II( obtained from 
another commercial source, were exposed to each of the following 
setB of environment for one hour and data were collected at half- 
hour intervals:
Ambient temperature (°F) 80-85 90 95.
Relative humidity (^) 30“^5 60-75
Black globe temperature differential (°F) 0 3 6 9
These hens were brought back to the acclimated environmental levels 
each night. The light was kept on only during the night.' During 
the latter part of thiB phase these hens were dubbed and the experi­
ment was repeated. An increase in ambient temperature or radiant 
heat resulted in an increase in body temperature and respiration rate 
but humidity only increased body temperature. None of the factors 
affected the heart rate. The temperature and humidity interaction 
resulted in higher body temperature and lower heart rate. The 
interaction of radiant heat with either temperature or humidity 
increased respiration rate.
An increase in respiration rate and a decline in heart rate 
was observed in group II hens after dubbing. However, respiration 
rate of dubbed hens was dependent on ambient temperature whereas 
body temperature and heart rate of dubbed hens was affected by humid­
ity.
The differences among the results of group I and II were attrib­
uted to the variations in the experimental procedure.
Regression equations for the prediction of body temperature 
and respiration rate were calculated from the data on these param­
xii
eters, with good reliability. Tlie equations predicting heart rate 
had poor reliability.
Radiant heat at black globe temperature differential level 
increased egg shell thickness and specific gravity whereas increase 
in egg weight and albumin height was nonsignificant.
The mode of beneficial action of radiant heat on body temperature 
and egg shell thickness at black globe temperature differential 
was postulated.
INTRODUCTION
The awareness to the concept of interrelation of life and the 
physical environment may be dated back to the time when life started 
on this planet and the struggle for existence began, but it was not 
until recently that interest developed in the scientific approach 
to environmental problems under a broad term— "Environmental Physi­
ology". The term environment covers climatic changes, nutrition, 
housing, management, light, sound, etc. which influence the genetic 
expression of a living being. Mere good genetic make-up of an indi­
vidual is of little importance without the environment for maximum 
expression.
Climate iB a product of ambient temperature; radiation from the 
sun and surroundings of the individual; moisture content of the air; 
altitude; rainfall; air velocity, etc. Under natural conditions cli­
mate is the only major environmental factor which is not under the 
control of man. Also, unfortunately climate in relation to living 
things is a complex and often confusing set of variables and, there­
fore, it becomes rather difficult to attribute any environmental stress 
to a single isolated factor.
Control over the environmental factors other than climate en­
ables one to meet the challenge of climatic adversities with limited 
reduction in stress. Nutritional studies under different climatic 
conditions have shown that low energy diets help in the adjustment 
of physiological processes and reduce heat stress. Similarly, con­
trolled housing, management, light conditions, etc, aimed towards
1
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the comfort of inhabitants protect them from extreme conditions.
Since main emphasis on this study is on some of the climatic factors, 
other environmental factors will he mentioned in the text only to 
the extent which explains the conditions of the experiment. Others 
which are of particular interest will be dealt with in more details.
Besides these environmental factors, other factors related to 
the individual itself play an important role in the environmental 
tolerance. Variations such aB species, breed, age, sex, health , ac­
tivity, acclimatization and individuality play their role in the 
reactions to stress.
With the advancement of the poultry industry to meet the in­
creasing demand for poultry products, chickens are denied the liberty 
of selecting the suitable environment to facilitate their physiolog­
ical adjustments under seasonal stress. Therefore an urgent need 
for basic studies, to find the ways and means to minimize seasonal 
losses of significant value for the poultry industry which counts 
on marginal profits, is therefore very evident. This is only pos­
sible when the physiological action of each of the several environ­
mental factors, interactions of these factors and the added effect 
of individuality, are clearly known. A factor at an undesirable level 
may have but negligible adverse effect in the presence of other fac­
tors which modify its severity. Under such conditions of mutual 
modification the same ultimate physiological effect may be expected 
from different sets of environment with widely varying levelB of 
constituent factors.
4
Voluminous work on the effect of environment on different
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species of animals enables one to isolate fev factors of major 
importance from the climatic group, such as ambient temperature, 
radiant heat, humidity and air velocity which form the thermal 
environment. Studies on humidity conclude that within the ther— 
moneutral zone changes in humidity have little or no physiological 
effect. Changes in air velocity interfere with the microclimate 
of tbe birds; yet under natural conditions it appears comparatively 
less important. EmphaBiB is therefore paid to the changes in am­
bient temperature as mostly responsible for the physiological 
changes in the animal, without differentiating the change due to 
the radiant heat load from practically every object "within sight". 
Whether kept in open or confined type poultry houses, birds are 
exposed to solar and/or thermal radiation, in the latter case the 
roof being the main source of thermal radiation. Little work seems 
to have been published on the physiological response of poultry 
to the radiant heat load and on its interactions with other factors 
in the thermal environment. Lack of Buch data may confirm the 
opinion of Kelly and his associates (i960) which states:
"Radiation is probably the most interesting, neglected 
and least understood factor of the microenvironment. 
Neglected, because of the difficulty in its measure­
ment with accuracy and the expense involved. The 
geometry of radiation calculation can become very 
complex due to changes in tbe emittance of radiating 
surfaces in natural conditions."
Available information, mostly in the form of responses such
k
as egg yield, body weight or feed and water consumption; without 
the knowledge of the mode of physiological effect on these pro- 
duction measures may not be precise enough since such response/s 
may be the result of direct or indirect influence of the other fac­
tors developing due to changes in the environment. Instead, changes 
in physiological parameters such as body temperature, respiration 
rate and heart rate may be very reliable indicators of physical and 
chemical modes of thermoregulation. Any additional data on changes 
in egg characteristics would also help to understand the response 
more clearly. With these facts in mind this project was undertaken 
to get the aforesaid basic data on the effects of different levelB 
of radiant heat in several thermal environments. Since the avail­
able commercial units were of very high cost and none of them 
appeared to have simultaneous control over ambient temperature, 
radiant heat, humidity and air velocity, it was necessary to design 
and make an environmental unit meeting these requirements. This 
unit is used throughout the study to obtain data on the physiolog­
ical response of caged White Leghorn layers to changes in their 
thermal environment.
REVIEW OF LITERATURE
I. Physiology of Poultry, 
a.) Homeostasis:
According to Freeman(19^6 and 19^9),homeotherms maintain their 
body temperature under changing environmental conditions by balanc­
ing the heat produced by the body and that lost from the body. In 
other words, the process of thermoregulation is brought about by 
physical control such as the control of heat production. Chemical 
control becomes important vhen the environmental temperature remains 
outside the zone of comfort. Heat loss occuring in the form of 
radiation, convection and conduction is collectively called sensible 
heat loss* The heat loss through radiation is highest under normal 
conditions. As the ambient temperature increases sensible heat loss 
decreases and vice versa. The insensible or latent heat is that 
heat which is lost through the evaporation of moisture in sweating 
or in the expired air. Sensible heat loss causes a rise in the 
environmental temperature whereas insensible heat can not be detected 
by a dry bulb thermometer. The rate at which sensible heat is lost 
will depend upon the-temperature gradient between the animal and its 
environment. All bodies whether animate or inanimate are offected 
by the environmental temperature. If the body has a higher temper­
ature than its surroundings a thermal gradient between the body and 
its surroundings will exist and heat will follow the path of gradient 
until both have the same temperature. Chicken, as a homeotherm, 
acquires the ability to regulate its metabolism at hatching. In
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thermal stress, it adjusts the sensible heat loss by changing the 
feather position; if that is insufficient, it changes its posture 
(surface area), and if further necessary, its locution. Heat loss 
is less in the sitting posture than when standing. As a nonsweat— 
ihg animal the insensible heat loss in the chicken is mostly by 
panting. Vascular thermoregulation is limited only to small feather** 
less areas. According to Kelly et al. (i960), excess heat elimina­
tion in such a regular, quick and complete fashion forms a thermal 
environment around the bird which is termed as "microenvironment" 
and the conditions within it are called the"microclimatd'.
In groups, chickens can tolerate a cold environment better than 
when isolated* However, under hot conditions, when either heat pro­
duction in the body has to be decreased or rate of heat loss has to 
be increased, crowding proves detrimental. The report of the National 
Academy of Sciences, as quoted by Kelly and his associates at the 
annual meeting of Poultry Science Association in I960, would enable 
one to understand the deleterious effect of crowding more clearly.
It states that a pile of men weighing as much as the sun would be 
5000 times as hot as the sun. The heat dissipation from crowded 
chickens, with their metabolic rate much higher than in men, there­
fore, evidently becomes a very tedious task. Ventilation becomes an 
extremely important factor under such conditions particularly when 
the ambient temperature remains in the hot range. However, air 
movement only helps in reducing the stress due to high ambient tem­
perature to some extent till the air temperature is below critical 
level. Its action reverses at temperatures considered as critical
7
(Siegel and Drury, 1968). If humidity is alloved to rise under such 
conditions, the bird is subjected to additional physiological stress 
(Wilson et al.. 1969). 
hi) Heat tolerance:
The body temperature of White Leghorn and Ilhode Island Red hens 
vas reported by Ileywang (1938) to be lowest at midnight and highest 
at 4 P.M. The body temperatures ranged between 103.2°F and 110.4°F 
and the greatest change observed was a decrease of about 0.8°F which 
occured between 6 and 8 P.M. During the same year the work of Hutt 
(1938) showed that susceptability to heat tended to increase with 
age and that layers and nonlayers were equally susceptable to heat.
In 1943 Lee and his associates reported that few hens were able to 
withstand an air temperature of 40.6°C for seven hours whereas none 
was able to withstand 43.3°C. Working on average survival time under 
heat stress without access to water, Fox (1951) reported that White 
Plymouth Rocks survived longer than S. C. White Leghorns, without any 
significant sex difference. However, Vhen water was provided the 
pattern reversed as White Leghorns showed more inclination to drink 
than the heavy breed. According to Hillerman and Wilson (1933) the 
body temperature regulation was more highly developed in the red 
jungle fowl than in Leghorns or heavy breeds. They observed that 
any abrupt change in the environmental temperature over 60°F in­
creased the respiration rate of Leghorns and heavy breeds but it 
dropped back to normal on acclimation. They also noted that at high 
temperatures layers had higher body temperature, respiration rate 
and water consumption when compared to nonlayers and concluded that
8
vater consumption played an important role in thermoregulation.
Durger and Lorenz (i960) reported an improvement in heat tolerance 
by the administration of adrenal cortical hormones, sympathetic 
agents and tranquilizers. The study of Hardy (1961) suggested that 
the physiological threat of overheating vas more serious than over- 
cooling and that the major function of the physiologic thermoregu­
lator vas the effort to protect against overheating of the body 
tissues. According to Siegel (1968) the vagus nerve vas directly 
involved in thermoregulation because vagotomy removed the ability of 
pigeons to increase heat production during hyperthermia.
The comb and shanks vere considered as heat loss mechanisms 
vhen Wilson and Plaister (1951) found a negative correlation betveen 
body temperature and the temperature of either comb or shanks. The 
highest body temperature recorded by them vas on the femur and breast. 
In their vork to observe the role of skin and feathers as barriers in 
the heat loss mechanism, Herried and Kessel (1967) found that the 
heat loss in recently killed, defeathered birds vas 2~3 times higher 
than in the intact birds. When both skin and feathers vere removed, 
the heat loss increased 2.7 to 4.8 times the rate found in the intact 
birds.
c ) Hypothalamic control over body temperature:
Fusco ot al. (I96l) induced vasodilation, panting and a de­
crease in rectal temperature by local heating of the anterior hypothal­
amus vhereas ITammel ,e_t al. (1963) found that hypothalamic temperature 
vas higher in a cold environment than in a hot environment. Accord­
ing to Whittov (1965) the precise control over the body temperature
maintenance in the birds is largely by the nerve cells in the hypo­
thalamus. This was later substantiated when Scott et al. (1967) 
observed that hypothalamic thermodetectors were quite sensitive to 
thermal changes. Maintenance of body temperature by polydipsia 
(excessive water intake) under hyperthermic conditions was reported 
by Siegel (1968) to be also under hypothalamic control,
d.) Desirable poultry house standards:
Milligan and Winn (1964) and Huston (1966) considered a con­
stant temperature range of 60-80°F as optimum for the broilers. 
However, in the opinion of Esmay (1969) the amplitude of the 
thermoneutral zone in a bird may increase with age, plane of nutri­
tion or acclimatization. For layers. Freeman (1966) recomnended a 
temperature range of 58~78°F but Hy-Line Forms Scientists (1966) 
suggested a cycling temperature between 55~70°F as ideal. They 
considered temperatures above 80°F as stress on layers and reported 
that when the temperature within a laying unit reached 90°F, the 
body temperature of tbe hens started rising gradually. Altman and 
Dittner (1966) showed a temperature range of 66-84°F as the thermo- 
neutral zone for the chickens whereas Lampman and his associates 
(1967) recommended a seasonal change in the range of temperatures 
for layers. According to them the desirable poultry house temper­
ature during winter was 55"60°F and for summer 65-70°F.
Thom (1958) established a temperature-humidity index as a 
source of human discomfort, which was: Discomfort Index <«0.4 (D.B.
Temperature + W.B. Temperature) + 15°F, Pfost (1967) stated that 
if the index value exceeds 80, birds start panting, Kamar and
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Khalifa (1964) and Adams and Ilogler (1968) noticed the greatest 
increase in the body temperature of hens vas associated vith high 
relative humidity levels. Milligan and Winn (1964) and Price et al. 
(1965) found no effect of change in the humidity at ambient temper- 
atures belov 95°F. The desirable level of relative humidity during 
vinter and summer, as suggested by Lampman and his associates (1967) 
vas 65J6 and 6056, respectively. Wilson and his coworkers (1969) 
ranked the stressor effect of humidity as Hot humid >  Hot arid > 
Warm humid ■>Warm arid, which also indicates the added stress of 
humidity at hot and warm temperatures.
Studies conducted by Boyd (i960) on human faces and hands sug­
gested that 19 m.p.h. wind at 42.5°F air temperature had the same 
cooling effect as still air at -27°F and that, as the temperature 
increased, the cooling effect of the wind velocity decreased. The 
suggestion of Drury and Siegel (1966) that higher air velocities 
than usual in the poultry houses would help the chickens to tolerate 
ambient temperatures as high as 105°F, substantiated Boyd's report. 
The desirable air exchange per bird, as recommended by Lampman et al. 
(1967), during winter was 2 cfm. and during summer 5 cfm. per bird. 
However, Siegel and Drury (1968) reported that birds at high air 
velocity maintained their body temperature 1-2°C below those at low 
air velocities when the ambient temperature reached 40°C but their 
subsequent study during the same year showed that birds subjected to 
high air velocity at ambient temperatures above 40°C had signifi­
cantly higher body temperature than the group at low air velocity,
e.) Response to stress:
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The general adaptation syndrome of heat stress phenomena vas 
described by Selye (1950) in three definitive stages designated as 
alarm reaction, stage of resistance and stage of exhaustion. Im­
mobilization of White Leghorn hens for 2*/2 hours, as reported by 
Whittov et al_. (1965), resulted in an increase in rectal temperature 
and respiration rate but the differences vere not statistically 
significant. However, they observed a highly significant increase 
in the cardiac output and a significant decrease in the blood cells. 
Similarly, mere handling the hen to remove it from the cage increased 
the respiratory frequency 15-35/6 and also an increase in the heart 
rate (Smith et al.. 1966). According to them it took at least 3“5 
minutes to restore the resting rate, provided the bird vas held 
quietly.
Under severe heat stress, Hutchinson and Sykes (1953) recorded 
lowest heart rates in poultry, in contrast to man where frequency 
increased with increases in rectal temperature. Some of the major 
effects of heat stress in poultry, as reviewed by Whittow (1965), 
may be generally summarized as reduction in thyroxine level and 
consequent lowering of metabolism; initial increase in cardiac out­
put and respiration rate and subsequent decline; increase in evap­
orative heat loss; lowering of feed consumption and increase in water 
consumption; decrease in production and growth rate; and reduction 
in the size of the heart and lungs.
Deaths due to heat stress were observed to be lowest among 
White Leghorns as compared with Rhode Island Reds or Barred Ply­
mouth Rocks (Hutt* 1938). Discussing the instant heat deaths as
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a result of very sharp increases in daily maximum temperatures 
following moderate climate, Squibb and Vogan (i960) concluded that 
several characteristics of changing temperature pattern such as 
absolute maximum; duration of the peak temperature; rate of change; 
and diurnal pattern immediately preceding the period of change were 
the critical features of thermal stress under natural conditions. 
Their conclusions were based on the Btudy of the reports on mortality 
in poultry flocks from different geographic areas.
The mode of stress from solar energy in the dry and humid 
tropical areas, as described by Folk (1966) stated:
"Input of Bolar energy is high in both areas but in humid 
tropical areas solar energy is converted into water 
vapour and exists in the atmosphere as insensible 
heat. Whereas in the desert where moisture is lacking, 
solar energy directly or indirectly heats surfaces as well 
as ambient air and exists as sensible heat. Therefore, 
physiologically in both areas there is heat stress— with 
insensible heat the problem is to promote efficient 
evaporation and with sensible heat, to maintain 
evaporative cooling."
f.) Acclimation:
Hillerman and Wilson (1955) stated that the body temperature 
acclimation of adult hens to changes in environmental temperature 
took 3~5 days but respiration required approximately 8-10 days to 
return to the normal rate. The data of Weiss and his coworkers
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(1963) shoved that White Leghorn hens, adapted to 32—35°C resisted 
hyperthermia better than controls vhich vere maintained at 22-2<i#C, 
However, on noticing the incapability of their birds to make com-* 
plete adjustment to the changes in temperature, Clark and his 
associates (1963) concluded that genetic adaptation for egg pro­
duction was made by the hens to the native environment and that the 
birds were incapable of making complete adjustment to the temperatures 
of opposite extremes in one generation. The recent report of Harrison 
and Diellier (1969) showed that all the physiological parameters 
studied on White Leghorns attained an acclimated functional level or 
plateaued within 12-24 hours following increase or decrease in the 
air temperature, whereas according to Sturkie (1969) for acclimati— 
zation to cyclic temperatures White Leghorn males and females took 
3“4 weeks.
g.) Effect of dubbing:
Wilson (1949) observed that dubbing had no effect on the ability 
of White Leghorns to withstand high temperatures. According to Cole 
and Hutt (1954) dubbing had no effect on the viability of White Leg­
horn pullets to 300 days of age, on body weight or sexual maturity. 
However, sb quoted by Logan (1965), Temperton and Dudley (1944) 
observed higher livability in undubbed hens which supported his 
report of higher incidence of mortality among dubbed hens when com­
pared to undubbed.
In egg production, dubbed hens were observed to exceed undubbed 
hens during winter (Jones and Kohlmeyer, 1950; Cole and Hutt, 1954; 
Harks and Siegel, i960) but undubbed hens were found to be superior
14
layers in warm weather (Cole and Ilutt, 1954; Marks and Siegel, i960). 
Marks and Siegel also noticed no significant difference in the egg 
quality of dubbed and undubbed hens.
II. Solar and Thermal Radiation,
a.) Solar radiation:
Sunlight, as stated by Blum (1945)» is & major factor in man's 
life as it not only influences the ambient temperature but is direct- 
ly responsible for winds, rainfall and major ocean currents, besides 
being the source of energy for all life processes,
Blum (1945) also reported the screening action of ozone and water 
vapor in the atmosphere, which remove ultraviolet and longer infrared 
wavelengths, respectively. The study of Hammel et al. (1959) at 
Alaska Bhowed that more than 99/6 of the water content in the atmosphere 
exists below 40,000 feet altitude and affects the radiant sky temper­
ature .
According to Threlkeld (1962) the solar spectrum consists of 
ultraviolet wavelength (0 .2-0 .4^), visible radiation (0.4-0.7I4) and 
infrared wavelenghts (>0.77*) • He stated that these various types of 
radiation waves though have similar properties but the effectB pro­
duced by them vary a great deal. His diagrammatic sketch which 
illustrates the atmospheric interaction to solar radiation, is given 
as Figure 1. The average solar radiation, as recorded fay Parker and 
Walker (1964) on 29th August and 7tt September between 10 A.M. and 
1 P.M. at Lexington, Kentucky, was 269 Btu/hr/ft^. There were widely 
scattered small clouds on both days and the air velocity was 9 m.p.b. 
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Figure 1. Heat balance of the earth and atmosphere.
Figure prepared from n y e rs 't  data, shows the overall heat balance 
fo r the earth  and its atm osphere. T he left side shows the disposal o f  100 
•Vncrgy units o f incom ing solar rad ia tion , as discussed before. The right side 
shows the energy exchanges between the earth  and  its atm osphere. The 
earth ’s surface em its 131 units o f  long-wavclenglh radiation. O f these, 
120 units arc absorbed by atm ospheric w ater vapor and I t  units escape 
directly to o u ter space. Uvapnmlion o f  water at the earth 's surface delivers 
23 units to  the atm osphere, where this energy is released to  clouds by conden­
sation o f  the vapor. . T he atm osphere thus receives 158 total units ofcncrgy. 
The atm osphere disposes o f  this energy by radiating 47 units to  outer space, 
radiating 107 units back to  (he earth , and delivering 4 units to  the earth  by 
m rtvcction.
> • tl. ft. tljers, Ov/icnrf Mvteonffovy (New York: McGraw-Hill Book Company, Inc., 
-19 HI, p. 33.




Discussing the importance of thermal radiation as a source of 
comfort by supplementing the heat loss or gain Kelly and his asso­
ciates (195*0 explained that equal comfort may be provided by tvo 
different sets of conditions such aB an ambient temperature of 
20°C vith the walls at the same temperature or 15°C ambient temper­
ature with walls at 25°C. Brooks (i960) pointed out that all the 
surfaces with temperature up to 9000°F emit long wave radiation and 
that on earth the ground radiates at night at about 90% of a per­
fect black body rate. The long wave radiation from the earth, as 
reported by Threlkeld (1962), is up to llM* wavelength. He also 
reported that most of the thermal radiation problems involve infra­
red range, where as, in the case of solar radiation significant 
amount of energy transfer occurs in the visible wavelength range.
In the opinion of Lustick (1969) approximately k0% of the direct 
solar energy is in the visible range and approximately 50% in the 
near infrared range.
Figures 2 and 3, taken from the report of Bond (1966), show 
the incident solar and thermal radiation on a chicken in an open 
area and the radiant heat flux under a shade while indicating the 
proportion of long and short wave radiation.
c.) Shades and Shade materials:
Parker and Walker (1964) studied thermal radiation from 24 
different roof systems and found that mean thermal radiation at 
the roof level was in the range of 152.5“ *195.9 Btu/hr/ft^ where­




GROUND' HOT J GROUND ^SHADOW
to ta l  in s u n  To ta l  in s h a d e
6 6 2  K cal/h rm 2 453  K ca l/h rm 2
Figure 2. Effect of a simple shade in reducing the
radiant heat load on a chicken (Kcal/hr/m2 
of bird surface). Data obtained on a cloud­
less summer day in El Centro, California.
( Bond 1966 )




Figure 3. Radiant flux rates (Kcal/hr/m of bird 
surface) surrounding a shaded chicken 
at noon on a cloudless summer day at 
El Centro, California. ( Bond 1966 )
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Btu/hr/ft^. The negative figure was attributed to the instrument 
error. They noticed an increase in thermal radiation and convected 
heat from six roof types on one year’s weathering.
The study of Wratten and Tover (i960) shoved that plasticool 
coating on the outer surface of the aluminum reduced the roof temper** 
ature considerably. A maximum roof temperature of 150°F (maximum 
range of the recorder) with unpainted aluminum pas recorded by them 
when the maximum ambient temperature was 9k.2°F. The globe radio­
meter (Black Globe) one foot above the level of the cages shoved a 
reading of 98.7°F. Aluminum was observed by Thompson ejb ol̂ . (1964k) 
to be only 1.6J6 more effective in reducing solar energy than gal­
vanized iron, at 99°F air temperature but cows appeared cooler and 
more comfortable than under galvanized iron. In turkey houses, Enos 
and his coworkers (1967) observed that Saran shade cloth (Lumite) 
had greater cooling capacity than painted or unpainted galvanized 
iron or polyethelene. It was attributed to the porosity of Saran 
Cloth which did not trap the heat beneath the shade.
The radiant heat load from different shade materials, as re­
ported by Kelly and Bond (1958), is given in Table 1 for the con­
venience of quick reference,
d.) Hole played by glass:
Blum (1945) explained the "Greenhouse Effect" produced by the 
glass vindovB in the poultry houses when greater part of the sun­
light on transmission through the glass is absorbed by the walls and 
is transformed into long wavelengbt "black body" radiation which can 
not pass through the glass and ultimately results in the rise in
Table 1. Shade materials listed in descending order of 
effectiveness as compared with new corrugated 
aluminum.
Days* Kir.-e-
M ateria l T rcn tn icn t observed H H L livencss
lluy It in. Lhirk 1 inn 1.2(13
Aluminum top  w hite, ho ltn in  lilnrk 
lop  n a tu ra l, ho llom  lilitck
0 Kin 1 . 1113
Al u mi mini 2 Kit 1. (Jill.
(iulv. s le d top  w hite, holto lll lituck 6 Kill 1 .IHM
lo u v re s  (wood) nupiiinled 1 1(it 1.(100
(iiiJv. s i t 'd top  while, Im llom  n a tu ra l 3 .10.7 1.11.73
Aluminum top  w hile, b o ttom  nnturul 4 111.7 1.(1 to
Ncupronc nylon to p  nliim inm ii, b o ttom  lilnck 1 Hi.7 1 . (1 IK
Ismvrt'S, wood 
Polyethylene, 8 mil film
lo p  iiupuinteil. ho ttom  lilnck , 1 KM 1.(142
lilnck, double lnycr, 2 spacing 2 KM 1.03(1
1’lywoml, 8 /8  in . th ick top  w hite, bo ttom  un p a in ted SI l(i7 1.1131
Plywood, 3 /8  in . th ick unpoin ted 2 1(17 1.030
Plywood, 1/4 in. th ick u n pit in ted 3 107 1.030
Polycl hylcne, lam ina ted to p  w hite, b o tto m  black 6 1(17 1.028
Neoprene nylon to p  nliiniim iin, b o tto m  black 3 KiH 1.022
Alumimim
Aliiiniiiiiiii
s lum lord 20 17(1 1.000
1 y r  old, unpnin tcd 1 171 0.01)4
(iulv. s tc d  new uiipn in ted S 171 0.1)02
(Inlv. steel 1 y r  old, unpnin tcd  . 1 172 0.08.7
Louvres, wooil block to p , black b o ttom 1 173 0 .070
Alumimim 10 y r  nhi, unpnin tcd 2 173 0.000
Aslicslns luinrtl 1/8 in . th ick , nn tu ra l color 2 174 0.0.70
building pap er a lum inum  coated 2 17fi 0 .050
llnrdhonrd 1/H in. th ick , p la in  (m asonite) 2 17(1 0 .042
Neoprene nylon th in , black 1 170 0 .0 4 0
Neoprene nylon th ick , b lack 3 177 0 .0 3 3
Snow fence double lnycr, no opening* 1 • 177 0 .0 3 3
Snrnit simile d o th (02%  solid) 1 177 0.02(1
An run pool cover d o th — 1 181 0 ,8 8 9
Polyethylene, 8 mil film black 1* 183 0 .8 0 8
tvnnm simile c lo th (00%  solid) 1 187 0 .830
Snow fence double layer, crisscrossed 188 0 .823
Polyethylene 8 mil film tran slu cen t 1 103 0 .7 7 4
Polyethylene 4 mil film tran s lu ce n t 202 0 .6 7 7
Snow fence single layer 1 211 0 .6 8 0
Source:  KeHy a nd  Hond I0&& . . .
1 D u n  eeatUuou* record*. 11:00 a.m* m tll 3:00 r.w. B pkm eu r i d iu t  heat load (Blo/br aq ft) funder ifcadc.
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temperature. Bartlett (1964) observed that solar heat transmission 
through a glass window, nearly perpendicular to the sun, was approx** 
imately 15J& higher than through a vertical window. As glass thickness 
was increased or number of layers of glasB were added the percentage 
of heat transmission reduced. He also observed that glass windows 
had higher heat transmission efficiency than plastic windows,
e.) Response to radiant heat:
Radiation with wavelengths of less than 0.32)*“, as reported by 
Blum (I94i5)» vas largely absorbed in the epidermis, principally by 
the proteins whereas wavelengths of 3J1 penetrated the skin slightly. 
The observations of Humphrey et al_. (1946) on humans showed that the 
effects of radiant heat decreased as the effective temperature in­
creased and became surprisingly small as the upper limits of endur­
ability were reached. An average of 1 2 . 9 less energy production 
in the body was observed by Hamilton and Hepner (1967) when they 
dyed white zebra finches black and exposed them to artificial sun­
light. Similarly Lustick (1969) also noticed that birds exposed 
to solar radiation at low temperatures could achieve savings in 
energy to the extent of about 26%, He also reported that greatest 
difference in the radiant heat absorption by the white birds was 
in the visible and near infrared range but at longer wavelenghts 
the ratio of absorbance to reflectance was independent of color.
Higgins and Sheard (1928) considered the whole solar spectrum 
essential when they noticed that selective solar irradiation with 
long or short waves of the spectrum alone was inadequate and caused 
marked regression and shrinking of the parathyroid cells in the
1
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chickens. The data given by Payne and Hughes (1933) shoved highest 
calcium in the eggs from the group of hena under ultraviolet light, 
less in those under sunlight and least in those avay from light.
De Shazer (1964) observed no significant difference between the 
physiological measurements of the hens maintained in a high Mean 
Radiant Temperature environment; conventional environment; and air 
conditioned environment. The average temperature in those houses 
was 91* 94 and 6fj°F, respectively. Ventilation and oxygen consumption 
rates in human males were reported by Suggs (1965) to be independent 
of thermal radiation under all the tested environmental conditions.
Heart rate, however, increased appreciably with an increase in 
thermal radiation provided the environment was warm or hot. At cool 
temperatures there was a decrease in heart rate when subjected to 
radiant heat, suggesting the comfort provided by thermal radiation.
A recent study of Enos and his associates (1967) on turkeys shoved 
higher weight gain in the group without shade than in those provided 
with shade. The former group also did not suffer from heat stress 
when the temperature reached 40°C, when compared with those under 
shade.
Ill, Response to Changes in Other Environmental Factors.
1.) Cardiovascular and Respiratory Response
An initial drop and then a rise in body temperature of hens
t
on increase in ambient temperature was reported by Thornton(l962). 
Supplementation of vitamin C helped in maintaining the body temperature. 
According to Frankel et al, (1962) though respiration and heart rate 
increased with an increase in body temperature when White Leghorn
1
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hens were subjected to heat stress but respiration rate and heart 
rate declined when body temperature exceeded 44°C and 46°C, respec­
tively. Stein et nl. (1964) also observed a decline in the respi­
ration rate of White Leghorns when rectal temperature exceeded 43°C.
On heat stress cardiac volume first increased due to an increase in 
the heart rate and stroke volume but with continued exposure cardiac 
volume decreased due to a decrease in stroke volume though heart 
rate increased further. Blood pressure was reported to have decreased 
throughout hyperthermia. The general pattern of response to abrupt 
changes in the temperature range of 5“35°C was observed by Harrison 
and Biellier (1969) as rapid increase in the pulse rate of hens 
followed by a plateau above the initial rate on transfer to cold 
temperatures and vice versa. Respiration rate was found as inversely 
related to pulse rate. Blood pressure showed little variation.
They concluded that generally body temperature best reflected the 
general response pattern. Khan and Mills (unpublished) tried dif­
ferent antipyretics to lower the elevated body temperature of albino 
rats under heat stress and found them mostly ineffective.
Changes in rectal temperature, respiration rate, heart rate and 
cardiac output of hens were recorded by Whittow and his associates 
(1964) within 20 minutes of heating the ambient temperature. Accord­
ing to Linsley and Burger (1964) and Calder and Schmidt-Neilsen (1968) 
hyperthermic polypnea on continued exposure.to high ambient temper- . 
atures resulted in respiratory alkalosis.
2.) Effect on Production.
a.) Heat stresB and egg production:
1
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According to Burrows and Byerly (1938), hens became broody when 
the ambient temperature was increased to 90°F and darkness was provided. 
Low temperatures and dim light, however, reduced the incidence of 
broodiness. Wilson (1937) reported no reduction in the egg production 
by variations in ambient temperature within a range of 48-85°F but 
the average serum calcium was found to be highest at 65“67°F and 
lowest at 9^”96°F. Diurnal temperatures between 0-45°C with different 
humidity levels, when studied by Squibb in 1939 at Guatemala, he found 
no significant effect of temperature changes on egg production, egg 
size or mortality. Mueller (1961), however, observed higher egg 
yield in the cycling temperatures between 55“90°F every 24 hours 
when compared with those at constant 55°F. On observing a reduction 
in egg production at both low and high temperatures Payne (1966) 
postulated the reduced egg production at 54°F to be possibly due to 
increased thyroid secretion causing moulting and the reduction at 
86°F, possibly the result of broodiness. This partially substan­
tiated the early work of Burrows and Byerly (1938).
Associating the relationship between body temperature and egg 
production, Kamar and Khalifa (1964) reported that an increase in 
body temperature of hens during late summer was associated with the 
reduction in egg production whereas the decrease in body temperatures 
to its lowest values during late winter and early spring coincided 
with maximum egg production.
b.) Effect of mist cooling:
Reducing the dry bulb temperature in the cages by the use of 
foggers1 was reported not to have any beneficial effect on egg
1
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production, egg weight or egg shell thickness though it prevented 
heat prostration (Wilson et al.. 1957; Mentzer and Dale, I960; Hart 
et al.. 1962f Drury et al.. 1964). According to Wratten and Tower 
(i960) fogging did not lower the ambient temperature in the poultry 
house appreciably. The average fog house temperature during the hot 
portion of the day was only 0.4°F lower than the average temperature 
in the control house.
c.) Effect of light:
Sykes (1956) observed that an increase in daylength always 
increased egg production. However, Lert and his associates (i960) 
reported that pullets with 8 hourB of restricted light per day had 
significantly higher egg production than those in normal daylight. 
Using colored lights Woodard et al. (1967) observed that the weight 
of the eggs produced by Japanese quails under blue light was approx* 
imately 9% heavier than from those under other colored lights.
d.) Changes in egg characteristics:
No significant difference in egg weight or egg shell thickness 
was found by Wilhem (1940) between hens laying more or leSB than 200 
eggs yearly which lead him to conclude that the rate of egg production 
and thickness of the egg shell were independent. However, on in­
creasing the ambient temperature from 60“90°F Warren and Schnepel 
(1940) observed striking reduction in egg shell thickness. Also, 
high humidity tended to accentuate the depressing effects of high 
temperatures on egg shell thickness. The work of Campos and his 
coworkers (i960) further clarified that a gradual rise in temper­
ature resulted in more pronounced drop in egg weight and egg shell
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thickness than a fast rise. Howes and his associates (1961) reported 
80°F as threshold when they observed a general tendency toward a 
decline in egg quality at 80°F or higher temperatures. The rate of 
decline increased with temperature.
According to Jowsey et al. (1956) a laying hen excretes around 
60jfc of the ingested calcium daily and deposits about 35jt of the 
calcium on the egg shell. The conclusion drawn by Mueller (1959) 
showed that the reduction in egg shell thickness at high temperatures 
and humidity was not due to the coincident lowering of feed intake 
and serum calcium levels. This conclusion was based on an insig- 
nificant within-group correlation between calcium intake and egg 
shell thickness.
Egg size depression was reported by Cannon and Huston (1965) 
when the hens were held at 30°C, as compared to those at 19°C. All 
the components of eggs were proportionately affected. Ahmad et al.
.(1967) observed that ascorbic acid did not improve the highly 
singnificant drop in egg shell thickness under heat stress.
EXPERIMENTAL PROCEDURE
This experiment was conducted in tvo phases— the development 
of a controlled-environment unit and the study of physiological 
responses of caged S. C, White Leghorn layers to different levels 
of radiant heat load in Beveral thermal environments.
PHASE 1. Designing and Development of a Controlled-Environment Unit:
A low cost environmental unit was designed, to simulate conven­
tional poultry housing conditions, with controlled ambient temperature, 
humidity, radiant heat, light and air velocity.
The system works on the principle of preconditioning, condition­
ing and reconditioning of the atmospheric air for its use in the unit. 
Preconditioning is done by reducing the absolute moisture content of 
the atmospheric air in the air cooler at 35±5°F. This cool air is 
then blown into the connecting duct by a centrifugal fan at a con­
stant speed for conditioning. The process of conditioning is done 
by heating and moisturizing the preconditioned air to a required 
level. Finally, the air is reconditioned in the second heating unit 
wherein the drop in the air temperature subsequent to water absorp­
tion is readjusted. This reconditioned air then enters the chamber 
which has experimental hens. There is no recirculation of air.
Radiant heat is provided by a hot transits sheet fixed over the 
top of the cageB.
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The diagrammatic sketches of the environmental unit, cage unit 
and illustration of the thermal environment in the chamber are 
given in Figures 4, 5 and 6, respectively. The specifications of 
each component of the environmental unit are shown below:
AIR COOLER: It was a 96x96x48 inches plywood box with an 7x7
inches inlet by the side of the refrigerating 
unit, close to the bottom and at the corner of 
the box. An outlet of 4“inch diameter was pro- 
vided at the middle of the box on the top. The 
refrigerating unit was a 6000 Rtu unit with a 
thermostat. The box was well insulated with 
2 V2-inch polyurathene sheets fixed by mastic 
from inside. (See Plate l)
FAN: A 5“inch centrifugal fan with a motor speed of
1550 r.p.m. provided 930 cfm. free air exchange 
at the cage level in the chamber.
HEATING UNIT I: This unit had four 500-watt circular heaters,
and four 200-watt bar heaters fixed in the duct 
(36x8x8 inches) located between the fan and the 
humidifier. These heaters were controlled by 
separate switches. Heaters were fixed in such 
positions as to provide uniform heat without ob­
structing the air flow. (See Plate II)
HUMIDIFIER: This was the central expanded portion of the duct
(60x14x14 inches) with four fine spray nozzles Tee 
Jet Y1.5 (spray capacity 1.5 gallon per hour at
ABBREVIATIONS FOR ENVIRONMENTAL UNIT SKETCHES 
*
AC = Air Cooler ( 96x96x48 )
AF = Air Filter ( inlet 7x7 )
AP = Aspirated Psychrometer
BG = Black Globe ( copper 6-inch diameter )
CC = Cheese Cloth
CD = Connecting Duct ( polyethelene 4-inch diameter )
CF = Centrifugal Fan ( motor speed 1550 rpm. )
CG = Six-cage Unit ( 60x18x18 )
CH = Chamber ( 84x72x42 )
CU = Cooling Unit
FG = Fiberglass Insulation ( 3-inch thick )
H = Hen
HF 83 Humidifier ( six Tee-Jet Y 1.5 spray nozzles. Output 1.5 gall­
ons per hour at 40 psi. ) ( 60x14x14 )
HT1= First Heating Unit ( four 500-watt coils & four 200-watt bars )
( 36x8x8 )
HT2= Second Heating Unit ( two 200-watt bars ) ( 36x8x8 )
IW ~ Inspection Window
PS = Polyurethene Sheets ( 2%-inch thick )
PW = Plywood ( %-inch thick )
RP = Radiant-heat Plate ( 60xl8x% )
SD = Sliding Doors
SS ** Styrofoam Sheets ( 1-inch thick )
WO ■= Water Outlet 
ZS = Zinc Sheet
* All measurements are in inches.
■ r •*-iii
HT-1 HT-2HF ■* CD









Figure4. SCHEMATIC DESIGN OF ENVIRONMENTAL UNIT
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Figure 6. Heat transfer at 80°F.ambient temperature and 4 F. black globe temper- 
ture differential.
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PLATE I. AIR COOLER






PLATE II. FIRST HEATING UNIT AND HUMIDIFIER
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40 lbs. p.s.i.) at the top and two of the same 
type fixed at the bottom. These nozzleB were fixed 
at different angles to cover the whole area inside 
the duct. Each two of these six nozzles were con­
nected to a control knob. This system was also con­
nected to a hot water supply which was turned on to 
improve the efficiency of the unit while working at 
high humidity conditions. The increase in size of 
this section served a two-fold purpose— it provided 
more moist surface area for the hot air and also pre­
vented water from draining in the heating units on 
either side. Approximately an inch slope was pro­
vided for efficient drainage of excess water into 
the outlet at the rear end of the humidifier.
HEATING UNIT II: This unit was of the same size as the first
one with two bar heaters of 200-watt capacity each. 
These heaters were connected to a rheostat for finer 
control over the temperature readjustment of the 
conditioned air. (See Plate III)
CHAMBER: That part of the environmental unit which had experi­
mental hens is referred in this study as the chamber. 
(See Plate IV)
The outer part of the chamber at the cage level 
(84x72x42 inches) was made up of plywood and had a 
zinc sheet wall around the cage unit with a apace of 
2.5 inches in between. The zinc sheet was suspended 
around the cages in such a way that it allowed free
Connecting Due
Conical End of- 
Chamber
Second Heating Unit
■Hot Water Pipe for 
Humidifier
PLATE III. SECOND HEATING UNIT
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passage of the outgoing air from within and around it. 
This was done so that the wall temperature inside the 
chamber was the same as the reconditioned air. A cop- 
per-constantan thermocouple was also fixed to the zinc 
sheet wall facing the cages, at the level of the 
cages, for periodic checks.
Located in the conical portion of the chamber, 
made up of zinc sheet, behind the cages was an aspi­
rated psychrometer *(See Plate V) which sensed the dry 
and wet bulb temperatures of the reconditioned air en­
tering the chamber. A copper-constantan thermocouple 
(20 gauge) located at the center behind the cages at 
hens level gave the dry bulb temperature at the cage 
level. This thermocouple was shielded, by placing it 
at the center of a fiberglass tube (.75 inch I.D.) 
wrapped with foil, to avoid any possible pick-up of 
the radiant heat from the over-head radiant heat plate. 
This tube was hung at the hen level just behind the 
central portion of the cage unit parallel to the air 
flow so as to allow free passage of the incoming air 
through the tube. Any change in the relative humid­
ity consequent to heat-loss or -gain due to the move­
ment of the air from the point of entry into the cham­
ber until it reached the cage level, was read on a 
psychrometric chart with reference to the dry bulb
temperature at the cage level. The conical portion 
*Also see list of manufacturers on page 125.
PLATE V. ASPIRATED PSYCHROMETER
u>00
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of the chamber also had tyo cheese cloth curtains 
fixed across it internally to diffuse the air enter­
ing in from a 4—inch duct uniformly in the chamber. 
The air velocity and its uniformity were checked by 
an Alenor hot-wire anemometer which gave a fairly 
uniform reading of 20 feet per minute air velocity 
at several points in the chamber.
The chamber had two sliding pegboard doors for 
daily feeding and watering of hens and an inspection 
window (7x4 inches)to watch the activity of the hens 
during the experiment. The holes in the doors were 
so adjusted as not to cause accumulation of out­
going air in the chamber. This was confirmed by 
smoke-tests,
RADIANT HEAT PLATE: Radiant heat was provided by heating a
transite sheet (60xl8x.25 inches) fixed over the 
top of - the cages. For this purpose naked nicrome 
wire was run in three series on the transite sheet 
and was sandwitched by putting another oversized 
transite sheet with a layer of glass wool in be­
tween the wire and the top sheet in order to avoid 
heat transfer to the top sheet. More insulation 
of fiberglass and styrofoam was provided over the 
plate as a measure of safety against any possible 
hazardous heating of the wooden structure of the 
chamber. Radiant heat output was controlled by a 
rheostat.
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CAGES: A six-cage unit of 60x18x18 inches was hung two
inches below and exactly under the radiant heat 
plate so as the center of the bird's body was one 
foot from the plate. As shown in Plate VI, cage 
It 3» 3 and 6 had a hen in each. Individual feed
and water containers were fixed to each cage. Zinc 
sheet pans were kept under the cages to collect the 
droppings. The uniformity of dry bulb temperature 
at different levels in the individual cages was test­
ed under several thermal environments and was found 
to have a variation of approximately one degree which 
was considered as a negligible difference.
BLACK GLOBE: A black painted six-inch hollow copper globe was
used as a means to measure the radiant heat absorp­
tion by the hens. It was hung in cage #2 at the 
level of the hen's body and a copper-constantan 
thermocouple was suspended in the center of the 
black globe. The location of the black globe is 
shown in Plate IV.
In addition to recording radiant heat as the 
differential of the temperature in the black globe 
over that of ambient temperature, a Beckman and 
Whitely flat plate thermal radiometer (Model 
W188-01) was also used to note the radiant heat 
output from the plate in terms of Btu/hr/ft^ at 
different levels of radiant heat. Without the 






141.65 B t u / h r / f t ®  in the thermal environment at a 
dry bulb temperature of 76°E. With the highest 
level of rheostat at 120 volts when the radiant
heat plate was on, 239*13 Btu/hr/ft^ were recorded*
The temperature of the plate was 235*6°F. The 
relationship among block globe temperature, Btu 
and plate temperature is shown in Table 2.
FLOURESCENT LIGHT: A 40-watt daylight floureBcent tube was
fixed to the top of the chamber at the center, 
just behind the doors. It was shielded on the side
facing the hens to avoid its direct shining and any
probable contribution to radiant heat.
The whole duct system of the environmental unit was insulated
with styrofoam (l inch thick) and the chamber was double insulated
from outside with styrofoam sheets and fiberglass on aluminum foil 
(3 inches thick). Thermocouples from all the locations in the chamber
were connected to a 20-channel Honeywell Potentiometer and the tempera­
ture at each thermocouple level, including those at the aspirated 
psychrometer was recorded every ten minutes around the clock during 
the period of this study.
All the windows of the room in which the environmental unit w aB  
located were covered with aluminum foil to reflect out Bolar radiation. 
This also made the room dark to facilitate collection of the data with 
minimum error due to the bird's activity.
With the set-up as described above, ambient temperatures in the 
chamber were of the range from 60°F to approximately 110°F at the
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cage level vith an accuracy of +. 1 degree. Humidity levels of 
approximately 20 to 90$ were possible, however, at high relative 
humidity levels of above 80Jt, the maximum of ambient temperature 
range was reduced to approximately 100°F. The radiant heat, in terms 
of increase in the black globe temperature over that of ambient, 
hereafter referred as black globe temperature differential, could 
be achieved upto 12°F.
PHASE II. During the initial stages of the experiment while testing 
the performance of the environmental units and the suitability of 
the instrumentation and techniques, some observations were made on 
the changes in heart rate and respiration rate under different 
types of stresses in order to know the trend of response in the 
experimental hens.
a.) Long Term Study — Group I:
Study on this group of layerB was conducted during the period 
from February 22, 1969 to May 26, 1969. Five healthy dubbed S. C. 
White Leghorn hens from a commercial source, hatched on May 10,
1968, from the same strain and approximately of the same size 
(average weight 1587 gm. at one year age) were selected and kept 
in individual cages in the chamber with ad libitum feed and water. 
The given feed was a standard layer ration with 16.9$ protein and 
2.84$ calcium and had 1295 calories of metabolizable energy per 
pound. In order to acclimatize to the new set-up, these hens, im~ 
planted with sensing elements, were kept in the chamber at constant 
temperatures in the range of thermoneutral zone of 60-80°F at 
relative humidity levels of 50“50$ for one month. Feeding and
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watering was usually done at noon, always by the writer, to avoid 
any possible excitement of the birds by strangers. Data were col­
lected between 8 and 9 o'clock in the mornings and evenings with core 
not to disturb the hens in any way. Care was also taken not to feed 
the hens either immediately before or after the data collection as a 
precaution against possible change in the cardiac activity or res­
piration rate consequent to feed intake or in expectation of feed. 
Lights were turned on approximately at 9 A.M. and turned off by 5 P.M. 
This was done to keep the room dark and to let the birds settle down 
and remain so until the data collection was over.
The criteria for the physiological response to different envi­
ronmental conditions were recorded in terms of body temperature, 
respiration rate and heart rate. Initially attempts were made to 
get respiratory rate from the E.K.G. line but as the waves of E.K.G. 
line of the unrestrained hens, created by their activity, were giving 
a false indication of the respiratory rate it was decided to record 
E.K.G. and respiration separately. Nickle-plated steel safety pins 
(small) were used as electrodes for heart rate and respiration. The 
safety pinB were pinned to the skin at sites selected ty trial and 
error for least mutual interference. The selected site for E.K.G. 
which gave a straight line, uninterfered by either respiration or 
slight activity of the hen, was approximately an inch below the shoul­
der joint on the left side and the right electrode 1 V2 inch behind 
the clavicular junction and an inch above the keel. This was high 
enough not to get grounded when the bird was sitting, yet was low 
enough to exclude respiratory interference. The two electrodes for 
respiration were pinned to the skin at the center of the rib-cage on
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either side. Similar sites at the posterior region though gave 
more distinct respiration curves but had frequent interference by 
slightest activity of the hen, particularly by leg movement.
The electrodes from each hen were connected to an E and M 
Physiograph-Six by a four-wire shielded cable—-the electrodes for 
E.K.G. were connected through a hi-gain preamplifier and the electrodes 
for respiration through an impedence pneumograph, both made by E and M.
For body temperature, a copper-constantan thermocouple (20 
gauge) was implanted in the body cavity of each hen at the level of 
the last rib and was tied to the last rib. However, on palpation after 
four days the thermocouple of three of the five hens was pulled out 
of the body cavity and was found lying under the skin. Also one of 
the remaining two hens was off-feed and had abnormal temperature 
suggesting the possibility of developing peritonitis. Therefore thermo­
couples of the two remaining hens were also taken out of the body 
cavity and were Butured under the skin at the same level.
During the period of time when the hens were being acclimatized 
under suggested desirable environmental conditions, data were also 
collected at 3“hour intervals for 48 hours to observe any diurnal 
variation. When the hens were accustomed to the new surroundings 
in the chamber they were exposed to different thermal environments, 
each for 24 hours, during which time two readings were obtained at 
12-hour intervals— -the first being in the evening hours. Data col­
lection started from the lower level of ambient temperature which 
was increased every 24 hours, stepwise to the maximum level while 
keeping relative humidity and radiant heat levelB constant. The 
same procedure was followed for each combination of humidity and
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radiant heat level. Except for the body temperature which was re­
corded to the nearest 0.5°F, all other temperature measurements were 
recorded to the nearest degree.
Hens were exposed to all possible combinations of the following 
levels of the environmental factors.
Ambient temperature (°F) 60-80 85 90 95
Relative humidity (j6) Z.40 40— 60 >60
Black globe temperature differential (°F) 0 2 4
The speed of the physiograph for all the tracings was 1 cm. per 
second. The E.K.G. and respiration tracings were counted for 20 
seconds and were reported as "per minute". Counts were made from 
uniform portions of the tracings. Occasionally when a hen was active 
a count of less than 20 seconds was made. In the early part of the 
study several tracings, obtained for a longer time, were counted to 
the maximum limit of the recording and on comparing with 20- and 
10-second counts had less than 2j£ error,
b.) Short Term Study — Group II:
This phase of the experiment began on June 12, 1969 and ended 
on July 50, 1969. Five undubbed White Leghorn hens for this group 
were selected primarily on the same basis as for group I. The 
hatching date of this batch of hens was September 24, 1968 and they 
were also obtained from a commercial source. The average weight of 
these hens at eight months of age was 1698 grams. The technique for 
recording the physiological parameters and the procedure were also 
basically the same except for the '.differences which were either due 
to the availability factor or were made intentionally for the im-
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provement of efficiency* The noted deviations in the hens of this 
group, the techniques and the procedure when compared with group I 
were as follows:
Hens: Group II hens were ten veekB younger than those in
group I and were undubbed at the beginning of the 
experiment.
Technique: Silver-plated brass safety pins, coated with plastic
rubber on the outer half, were UBed as electrodes 
instead of nickle—coated steel safety pins. 
Procedure: 1. Data on Group II were collected during the day.
For this purpose changes in the feeding time and 
the lighting schedule were made to facilitate re­
cording of the data from undisturbed hens. Hens 
were kept in the dark during the day time and lights 
were turned on for the whole night. Feeding and 
watering were done at 5 P.M. daily.
2. Group II hens were exposed to each set of thermal 
environment for one hour, during which two readings 
were taken at half-hourly intervals.
3. Hens were exposed to only low and high relative 
humidity levels.
4. Due to the limitation in the functioning of the 
environmental unit consequent to atmospheric changes 
in summer and also because of the use of higher lev­
els of radiant heat as compared to group I, the low­
est temperature level to which group II hens were
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acclimated| w a B  80-85°F.
5» The radiant heat level was increased upto 9°F 
black globe temperature differential,
6. Radiant heat level was stepped-up from minimum 
to maximum level at each combination of ambient 
temperature and relative humidity* levels. All 
levels of radiant heat at each constant temperature 
and humidity level vere attempted in one day and 
the chamber was brought back to the lowest level of 
temperature and humidity, with no radiant heat, for 
overnight each time before exposing the hens to 
another set of treatments.
The following were the levels of the environ—
mental factors to which group II hens were exposed:
Ambient temperature (°F) 80-85 90 95
Relative humidity (%) 30-45 60-75
Black globe temperature
differential (°F) 0 3 6 9
After the hens had been exposed to all treatment 
combinations, they were dubbed and sufficient time 
waB given for the operated sites to heal. A second 
set of data was collected under identical conditions 
and procedure in order to determine the change/s in 
physiological response due to dubbing.
Egg Characteristics:
While collecting the eggs from group I hens it was observed that
eggs laid at the time the hens were under high ambient temperature
levels without radiant heat,' hod shells with semitransparent patches 
indicating thinnesa whereas the eggs collected during the periods of 
time when the radiant heat plate was on, did not have such an ap­
pearance. As a result, during the latter part of Phase II eggs were 
collected on random days during the treatments with and without 
radiant heat and egg weights and shell thickness were recorded.
Shell thickness was measured by Ames micrometer model 412. Similarly, 
in Phase III eggs were collected on randum days during treatments with­
out and with radiant heat and in addition to egg weight and shell 
thickness, specific gravity and albumin height were also recorded. 
Albumin height was measured by Ames micrometer model S-6428.
On getting an indication of probable improvement in egg character­
istics when the hens were exposed to radiant heat, a separate study 
was conducted after collecting the data of physiological responses as 
per Phase III program. During this study hens were kept at ambient 
temperature of 85“87°F and relative humidity of 50-60J& without radi­
ant heat for ten days and then with radiant heat at 4° black globe 
temperature differential, at the same ambient temperature and rela­
tive humidity levels, for subsequent ten days. Eggs were collected 
daily and data on egg characteristics, as during Phase III were ob­
tained and analyzed.
Statistical Analysis:
In order to determine the significance of each environmental 
factor, the data on physiological response of groups I and II to dif­
ferent thermal environments were analyzed by the least squares anal­
ysis of variance for unequal subclass numbers (Harvey, i960) using 
the following model:
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Yijkl"A1+ + Hj + Rj( + (Tll)ij + (TR)^ + (lIR)jjt + ejjkl
where: Yijkl • Physiological response of llk
observations at i*k temperature
level, jtk humidity level and ktt
radiant heat level.
f* « Overall population mean.
Tj[ ■ Effect of itk level of ambient
temperature for i a 1, 2, 3, 4
(group I)
i - 2, 3, 4
(group II)
Hj a Effect of level of relative
humidity for j a 1, 2, 3 (group i) 
j a 1 j[ 3 (group II)
Rjj a Effect of ktk level of radiant heat
for k a 0, 2, **° black globe temper^ 
a.ture differential (group I) 
k a 0, J, 6, 9° black globe 
temperature differential (group II) 
(TH)ija Interaction effect of itt level of 
ambient temperature at ju level of 
relative humidity.
(TR)ika Interaction effect of i,k level of 
ambient temperature at ku level of 
radiant beat.
(ini) a Interaction effect of lev.il of 
relative humidity at k(k level of 
radiant heat.
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eijkl “ Pooled error.
A regression analysis of physiological response on environmental
factors was conducted using the following mathematical model:
Yf - a + biXj + b2X2 + bjXj
where: Yj - Predicted physiological response at
i,k set of Xs for i ■ 1, 2,.,., J6
(group I)
i ■ 1, 2 ,..., 2k 
(group II)
a - (Y “ bjXi - b2X2 - bjXj)
bj ■ Partial regression coeffecient for
i - 1, 2 , 3 .
Xj ■ Ambient temperature (°F)
X2 ■ Relative humidity (j£)
X3 - Black globe temperature differential
(°F)
The above model wbb expanded by including quadratic and cubic 
effects and products of the main factors. This additional regression 
analysis was based on the following model:
Yi - a + bxXi + b2X2 + bjXj + b4Xi2+ b5X22+ bfcX}2* b7Xj3+ b8X25 
+ b^Xj^+ bioXiX2 + bi1X^X3 + bj2^2X3 
For the analysis of data on egg characteristics by least squares 
analysis of variance, the significance of "days on test" was deter*- 
mined using the following model:
^ijkl ■ a ♦ Hi + Tj + (HT)xj + bDjjfc + eijkl
where: Yijki - Characteristics of 1th egg on ktt day
*
under jtt treatment from itk hen.
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a « Y - bDk
IIj - i,k number of individual hens for 
i - 1, 2, 3, 4, 5.
Tj ■ jtt number of treatments for j « 0 & 4° 
black globe temperature differential, 
®ijk“ number of days itk hens were under 
j<k treatment, for k ■ 1, 2, ......10.
b - Partial regression coeffecient for days 
on treatment. 
eijki«Random error.
Since the number of days on test did not have a significant effect 
on the egg characteristics, the following least square model was used: 
*ijk - A1 + Hi + Tj + eijk
where: Yjjk ■ Characteristics of ktt egg from iu hen 
under jtk treatment. 
f1 - Overall population mean.
Hi “ itt number of individual hens for
i - 1, 2, 3, 4, 5.
Tj - jlk number of treatments for j - 0 & 4° 
black globe temperature differential, 
©ijk ■ Random error.
RESULTS AND DISCUSSION
Phase II:
Preliminary observations on the experimental henB showed quite 
similar responses under different stress conditions, hence, for 
the convenience of comparison, a few of the observations on hen 2 
are presented here.
The tracing obtained soon after pinning the electrodeB in the 
skin (Figure 7)* showed the heart and respiration rates as 270 and 
48 per minute, respectively, which increased over one third of the 
observed rate when a thermocouple was implanted subcutaneously 
(Figure 8). The heart rate recorded from the same hen approximately 
10 days later, on healing of the operated site and when the bird was 
undisturbed, was 216 per minute with a respiration rate of 1? per 
minute (Figure 9) but mere handling the bird and tying its legs 
resulted in an increase in respiration rate 3 times the increase 
in heart rate (Figure 10). At ambient temperatures 86°F (Figure 11) 
and 95°F (Figure 12) under approximately the same relative humidity 
levels, the heart rate was 244 and 226, whereas respiration rate 
was 138 and 306 per minute, respectively.
It was implied from these preliminary data that conditions 
provoking excitement or local pain exerted a pronounced effect on 
the heart rate as well as respiration rate of these hens whereas 
respiration rate tended to be a more reliable indicator of heat 
stress compared to heart rate.
Group I:
The mean body temperatures, respiration rates and heart rates
* For figures 7 to 23 see appendix.
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of the hens in group I, at each level of the environmental factors 
and their single-order interactions, are given in Tables 3» 4, and 
3, respectively, and the statistical analysis of each physiological 
response is shown in Table 6. The trend of each physiological
response to increases in each environmental factor is illustrated
in Figure 13*
a.) Body Temperature: An increase in ambient temperature
from level 1 to 4 resulted in a highly significant linear increase 
in body temperature from 107*26 to 108.86°F whereas an increase in 
relative humidity from level 1 to 3 caused a highly significant 
linear and quadratic increase from 107*48 to 109*10°F. The quadratic 
effect of humidity was due to an initial riBe of 0.4°F at level 2, 
followed by an accelerated rate of 1.22°F increase at level 3* The
increase in radiant heat from 0 to 4° black globe temperature dif­
ferential was also highly significant but showed a quadratic trend 
of rise in body temperature from 107*86 to 108.23°F. The quadratic 
trend developed because of a rise of 0.51#F at low radiant heat 
level and a slight reduction of 0.14°F at high level.
The interaction of ambient temperature with relative humidity 
was also highly significant. At humidity levels 1, 2, and 3 the 
highest rate of increase in body temperature was shown at temperature 
levels 2, 4,- and 3i respectively. At ambient temperature levels 
1, 2, and 3* humidity level 3 showed a distinct positive response 
but at temperature level 4, such change was noticed at humidity 
level 2. The response to increase in ambient temperature was also
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highly significantly dependent on radiant heat level. Without 
radiant heat a marked increase in body temperature was seen at tem- 
perature level 2 but in the presence of low and high radiant heat 
level such change appeared at temperature level 3 and respectively* 
Also the stressful effect of increases in ambient temperature appeared 
to decline with increases in radiant heat level. Similarly there 
was a tendency of consistent decline in body temperature on radiant 
heat exposure as the ambient temperature was increased, except at 
low temperature level which showed an increase in body temperature*
The interaction of radinat heat with relative humidity was also high­
ly significant* At humidity levels 1 and 2 low radiant heat exposure 
gave a distinct positive response whereas high radiant heat level 
reduced it back to the initial stage but at high humidity level the 
same high radiant heat level showed an added stress.
b.) Respiration: Increasing ambient temperature caused a highly
significant linear and cubic increase in respiration rate from 30*81 
to 229*42 per minute* The cubic effect developed due to a major 
change in the response at temperature level 3 with increases of lower 
magnitude at lower and higher temperatures the former being the 
least. A highly significant linear increase in respiration rate 
from 107.32 to 143.88 per minute was seen with the increase in 
humidify but as the radiant heat level was increased a highly sig­
nificant linear decline from 162.42 to 103*97 per minute with a 
quadratic trend, was observed in respiration rate. A major decline 
at the lower radiant heat level with lesser response at the higher
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level appeared to be the cause of the quadratic response. As with 
body temperature, respiration rate of these bens showed a highly 
significant change with the interaction of ambient temperature and 
relative humidity at different levels. As the humidity level in-* 
creased the effect of increased ambient temperature generally became 
more Btressful, with an evidence of a major increase in respiration 
rate invariably at temperature level 5. At lower ambient temper­
atures, humidity level 3 showed a major positive response whereas 
at higher temperatures humidity level 2 caused such a change. The 
response to changes in ambient temperature was also found to be 
highly significantly dependent on the level of radiant heat. With­
out radiant heat, the greatest change in response was shown at temper­
ature level 2 but at low and high radiant heat levels it appeared 
at level 3. Except at low ambient temperature level where low radiant 
heat level caused a decline and high level an increase in respiration 
rate, radiant heat exposures at higher temperature levels resulted 
in a consistent decline in respiration rate —  more distinctly at 
temperature levels 2 and 3« The total magnitude of decline in res­
piration rate on radiant heat exposure at higher temperatures re­
duced with the increase in ambient temperature. The interaction 
between rudiant heat and relative humidity also caused a highly 
significant change in respiration rate. At all humidity levels 
exposure to increased radiant heat level generally reduced the 
respiration rate except a slight increase at high humidity and high 
radiant heat levels.
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c.) Heart Rate: A significant linear decrease in heart rate
from 234.72 to 215.49 per minute occurred on an increase in the 
ambient temperature whereas the effects of changes in humidity or 
radiant heat levels were nonsignificant*
None of the interactions among the environmental factors 
showed at̂ y significant effect.
The observed mean body temperatures, respiration rates and heart 
rates of group I hens, at each set of thermal environment, are shown 
in Figures 13, 16 and 17* respectively. Out of 36 possible com- 
binations of treatment, data at 1 - 3 4, 3 - 1 - 0, and 4 - 1 - 0
treatment combinations of the respective ambient temperature, relative 
humidity and radiant heat levels, could not be obtained due to 
limitation in the functioning of the environmental unit.
The rate of increase in body temperature consequent to an in­
crease in ambient temperature vaB enhanced at high humidity. How­
ever, below 90°F, relative humidity upto 60% did not appear to alter 
the body temperature much whereas at temperautrea above 90°F even 
40 - 60ft relative humidity showed some stress. The added stress 
of high humidity at high temperatures is evidently due to lowered 
rate of evaporative loss under these conditions. These data are in 
agreement with the stressor effect of humidity at warm and hot 
temperatures as shown by Wilson et, al_, (1969) but differ from the 
results of Milligan and Winn (1964) and Prince et al. (1965) who 
did not find any effect of change in humidity at temperatures below 
95#F. The stressful effect of relative humidity above 60jfc even at
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acclimated temperature level 1 which had a mean temperature of about 
71°F may endorse the lower desirable temperature and humidity levels 
as recommended by Lampman et al. (1967) during summer. Considering 
the magnitude of change in body temperature at increasing levels of 
ambient temperature or relative humidity the ultimate rise at high 
radiant heat level was negligible. A general higher response at low 
radiant heat level with a decline at high level suggests a trigger­
ing mechanism at high radiant heat level which is becoming a source 
of comfort to the bird. Evidently such comfort could only occur 
by increased heat loss under thermal stress. Freeman and Davis (1959)f 
Patton (i960), Fusco et al. (1961) and Best and Taylor (1966) re­
ported cutaneous vasodilation and lowering of body temperature on 
heating the anterior hypothalamus. Apparently high radiant heat 
level is acting in a similar way. There is also an indication that 
higher ambient temperatures facilitate the absorption, penetration 
or retention of radiant heat, probably due to lowered thermal gra­
dient between unfeathered areas of the bird, particularly the 
head region, and the surrounding surfaces at higher ambient temperature. 
Failure of high radiant heat level to reduce the body temperature 
when relative humidity was above 60j6 indicated that cutaneous 
vasodilation could not increase the heat loss due to the presence 
of high moisture content in the atmosphere. Since a constant level 
of black globe temperature was maintained such change in response 
could not be attributed to the screening effect of humidity or 
ambient temperature for radiant heat, at high level, as stated by
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McCrea (1950) and Folk (1966). However, the somewhat higher mean 
body temperature shovn in Table (3) at high radiant heat and humidity 
levels is the result of comparatively higher body temperature of hens 
1 and 2.
A critical increase in the respiration ratet at all humidity 
levels, occurred at 90°F and changes in humidity level below this 
temperature were less stressful when compared with the higher tempera-* 
ture. A low rate of increase in respiration on a shift to tempera-’ 
ture level 4 or an increase in humidity at that' temperature level 
could be due to the normal physiological limits of respiration rate. 
The effect of radiant heat on respiration rate was- similur to that 
on body temperature as it shifted the critical temperature level to 
the next higher stage. Also little variation in response on en­
vironmental changes at temperature level 4 was seen. In general, 
the concept of action of humidity and radiant heat as stated for 
body temperature appeared to be correct, with a similar indication 
of higher temperature facilitating the action of radiant heat.
The body temperature and respiration curves, as shown in Figure (l3)t 
followed similar patterns of change at different ambient temperatures. 
The humidity curves indicated that the respiration rate at above 90°F 
ambient temperature was not sufficient for the required heat loss 
from the body and consequently the body temperature increased. A 
comparison of radiant heat curves showed a decline in respiration 
rate with an increase in body temperature at low radiant heat level 
but at high level a decline in body temperature and also further
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decline in respiration rate was observed. This trend endorsed the 
postulation of a triggering mechanism or threshold at or around 4° 
black globe temperature differential and also indicated that this 
level was not high enough to cause panting (Fusco et ai., 196l) 
but was sufficient to cause abrupt cutaneous vasodilation and drop 
in body temperature (Freeman and Davis, 1959). There is alBo 
evidence of a decline in the respiration rate on heating the 
hypothalamus at higher body temperatures which led Findlay and Ingram 
(1961) to conclude that respiratory response depends on peripheral 
stimulus within normal body temperature range but gets under the 
control of brain at higher body temperatures. This is in agreement 
with the review and opinion of Bianca (1965). However, a consistent 
slight decline in body temperature, at low radiant*heat and high 
humidity level, is not explainable. The possibility of acclimation 
of these birdB to the environmental factors, in the light of the 
report of Hillerman and Wilson (1955) and Harrison and Diellier 
(1969) is excluded in view of the observed consistent pattern of
change showing an increase and/or decline.
The variability in the heart rate response under different 
thermal environments may be due to the uniqueness of the chicken 
heart as reported by Yeates et al. (1948) and does not appear to 
be the result of body movement as stated by Linsely and Burger
(1964) who noticed an increase of 100 150 beats per minute with-
in seconds of body movement.
Phase III:
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The mean body temperatures, respiration rates and heart rates 
of hens in group II (undubbed and dubbed) at each level of environ­
mental factor and their single-order interactions are shovn in 
Tables 7, 8, and 9i respectively, and the statistical analysis of 
each physiological response is given in Table 11. The trend of res­
ponses to increases in each environmental factor is shovn in Figure 
14.
a.) Body Temperature: A highly significant linear and quadratic
increase in body temperature from 107.65 to 109.35°F occurred vhen 
ambient temperature vas increased from level 2 to 4, The rate of 
increase in body temperature at temperature level 4 vas double the 
increase of 0.57°F at level 3 vhich appeared as a quadratic effect.
A much less but highly significant rise in body temperature from 
108.26 to 108.55°F vas observed as relative humidity vas increased 
from level 1 to 3. An increase in radiant heat from 0 to 9° black 
globe temperature differential also resulted in a highly significant 
linear increase in body temperature from 108.09 108.50°F, vith
a quadratic and cubic trend. This nonlinear trend developed due 
to an increase of 0 .2 3 to 0.39°F in body temperature, folloved by 
a decline of 0.21°F on exposure to lov, intermediate and high levelB 
of radiant heat, respectively.
The change in body temperature due to the effect of ambient 
temperature vas dependent on the level of relative humidity. The 
rate of increase in body temperature, due to increase in humidity 
level, shoved a major change at temperature level 4 but the rate
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was double that at low humidity when ambient temperature was in­
creased to level 4 at high humidity. The interaction of radiant 
heat with either ambient temperature or relative humidity was non­
significant but a trend similar to that shown in group I appeared 
to exist as increased levels of radiant heat, except the high level, 
tended to minimize the effect of increased ambient temperature at 
level 3* Similarly, though nonsignificant, an increase in radiant 
heat showed more stress at high humidity than at the low level.
Also, there was an indication of a consistent reduction in body 
temperature at high radiant heat level at each ambient temperature 
or relative humidity level,
b.) Respiration: An increase in ambient temperature showed
a highly significant linear increase in the respiration rate from 
107.33 to 226.92 per minute with a quadratic trend, A rate of in­
crease of 71*37 respirations per minute at temperature level 3 
as compared to 48.22 at temperature level 4 gave a quadratic re­
sponse. The respiratory response to an increase in humidity was 
nonsignificant. However, an increase in radiant heat caused a 
highly significant linear increase in respiration rate from 149*22 
to 1B9.33 per minute*
The effect of ambient temperature on respiration rate was 
found to be significantly dependent on radiant heat level. At each 
radiant heat level, a higher rate of increase in respiration 
generally occurred at temperature level 3 than at 4 with a general 
indication of suppression of the temperature effect in the presence
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of radiant heat. The effect of increase in radiant heat at each 
temperature level vas somewhat inconsistent but, the rate of in­
crease in respiration vas lower at higher temperatures as compared 
to the acclimated temperature level. Though nonsignificant, the 
increase in respiration rate on increase in ambient temperature at 
each humidity level showed a tendency of higher response at tempera­
ture level 3* as was observed in group I. The interaction of humid­
ity with radiant heat had a significant effect. At low and high 
humidity levels, the corresponding level of radiant heat caused the 
highest response. Also there was a tendency for a consistent de­
cline in response with increasing radiant heat levels at low humid­
ity but its effect seemed to reverse at the high humidity level.
The only major increase in respiration rate on an increase in humid­
ity level occurred at the high radiant heat level.
c.) Heart Rate: None of the environmental factors shoved
any significant effect on the heart rate.
The only real effect was due to an interaction between ambient 
temperature and relative humidity. Except at high humidity and tem­
perature levels, where an increase in the heart rate was shown, an 
increase in temperature at each humidity level showed a decline in 
the heart rate. Similary a negative response was shown when humid­
ity vas increased at temperature levels 2 and 3 whereas such a change 
at level 4 increased the heart rate.
The observed mean body temperatures, respiration rates and 
heart rateB of group II undubbed hens at each set of thermal en-
i
6k
vironment and the change in response on subsequent dubbing, are Bhown 
in Figure 18, 19 and 20, respectively. Out of 2k possible treat­
ment combinations, data at high radiant heat with low ambient tem­
perature and humidity levels could not be obtained due to limitation 
in the functioning of the environmental unit.
As wbb observed in group 1, the rate of increase in body tem­
perature of group II henB, consequent to an increase in ambient 
temperature, was also enhanced at high humidity level. Ilowever, 
acclimation of these birds to 80 - 85°F appeared to enable them to 
tolerate a relative humidity of above 60J& even at 90°F, as against 
the group I bens, without any major increase in body temperature. 
Since the data of this group were pooled for undubbed and dubbed 
hens, the evidence of tolerance to high humidity at ambient tem­
perature upto 90°F could be due to the comb which as a highly vas­
cular nonfeathered surface, aided in evaporative loss. Another 
probable reason may be that one hour exposure to eoch thermal en­
vironment at low and high humidity levels was not sufficient to 
show the effect of change in humidity level. This appears to be the 
case since the hens in group I showed a positive response to an 
increase in relative humidity above 60J& even at the acclimated 
thermoneutral zone. The highest rate of rise in body ̂ temperature 
of group II bens at increasing levels of radiant heat was 0.39°F 
aB compared to the highest rise of 1.13°F due to an increase in 
ambient temperature. However, an increase in body temperature at low 
radiant heat level and a subsequent decline at high level, as shown
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in group I did not occur in group II, Since the effect of radiant 
heat was highly significant and also a trend of minimization of 
high temperature stress by radiant heat, though nonsignificant, 
appeared to exist, such increases in body temperature were due to 
exposure to suboptimal and excessive radiant heat levels. The study 
of Yousef et al. (1967) showed that two-hour exposures of Coturnix 
to cold environment was not sufficient to increase the hypothalamic 
temperature whereas four hour exposure increased the hypothalamic 
temperature 1.6°C above the two hour value. But due to quick heat 
transfer on the basis of thermal gradient between the surfaces and 
also because of the slight penetrability of the radiant heat, one 
hour exposure appears to be sufficient, particularly at high ambient 
temperatures used in this study, to cause a hypothalamic temperature 
change. The interaction of radiant heat and humidity showed a 
similar response as in group I but it was not significant. Its 
nonsignificance may be due to incomplete expression of humidity 
effect during a short term exposure of one hour. The consistent 
decline in body temperature on high radiant heat exposure, at each 
temperature and humidity level, suggests two possibilities —  a 
cumulative effect of excessive exposure to increasing levels of 
radiant heat and/or the effect of exposure to a high radiant heat 
level for a short period of time.
The mode of beneficial action of radiant heat, at k° black 
globe temperature differential, could be due to a release of 
adrenaline or nonadrenaline causing lowering of body temperature,
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as reported by Feldberg and Meyers (19^3) - This concept is substan­
tiated by their work reported in 1964 wherein hypothermia resulted on 
injecting catecholamines into the brain of cats and also by the 
report of Simmonds and Iversen (1969) who observed an increased 
turn over of endogenous epinephrine selectively in the hypothalamus 
when rats were exposed to heat. However, Meyers and Sharpe (1968) 
noticed two independent cellular systems functioning at the same 
morphologic site in the hypothalamus of monkeys when they were ex­
posed to either hot or cold environment. They observed that trans­
fusion of perfuBate from an anterior hypothalamus area of heated or 
cooled donor monkey to the anterior hypothalamus of the recipient 
monkey resulted in an immediate heat loss or production, respective­
ly, in the recipient monkey. In the light of their hypothesis of 
the release of two different neurochemical factors from the same 
hypothalamic site, radiant heat appears to cause the release of 
the former type of pharmacologically potent factor, comparatively 
at a faster rate, because of the radiant heat pickup by a cooler 
skin and its penetrability.
As in group I, a major increase in respiration rate occurred 
at 90°F at low or high humidity. Humidity increase, at and above 
90°F caused a slight increase in respiration rate in group II as 
compared to the increase in group I which may be, as stated earlier, 
due to the shorter duration of exposure to each treatment. Also, 
as seen in group I, this group showed a lover rate of increase in 
respiration at temperature level 4 than at 3 which reaffirms the 
concept of normal physiological limits. Radiant heat, as noted
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in earlier observations, generally lowered the rate of increase in 
respiration as the temperature increased, however, a consistent 
increase in respiration rate at each radiant heat level is apparently 
due to exposure at either suboptimal or excessive radiant heat level. 
The added stress at high radiant heat and humidity levels increased 
the respiration rate of group II hens which is suggestive of the 
importance of evaporative loss from the body. A generally higher 
respiration rate of group II hens as compared to those in group I 
may he due to dubbing in the advanced age since the respiratory 
response of dubbed hens was significantly affected by ambient tem­
perature changes (Table ll). Also, acclimation to higher tempera­
tures is reported to lower the panting threshold (ilarriaon and 
Biellier, 1969).
As shown in Figure (14) the only trend of major increase in 
body temperature and respiration rate was on an increase in ambient 
temperature whereas an increase in humidity and radiant heat caused 
a slight positive response. The curves for respiration rate general­
ly followed the pattern as those of body temperature except a 
major change at the intermediate radiant heat level which substan- . 
tiated the report of Rawson et al, (1969) who observed an increase 
in respiration rate on local intraabdominal heating in sheep.
Except high humidity and high temperature which appeared to 
increase the heart rate slightly, all other interactions of tem­
perature and humidity showed a decline in the heart rate of group 
II hens as the ambient temperature was increased.
1
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The data on the response of group II hens to changes in thermal 
environment, before and after dubbing, are given in Table 10 and its 
statistical analysis in Table 11.
Dubbing appeared to have a highly significant effect on res­
piration and heart rates. Respiration rate increased from 151*66 
to 190.30 per minute whereas the heart rate decreased from 250.65 
to 235*82 in dubbed hens.
Highly significant change in responses was observed in the 
dubbed hens when humidity was increased. An increase in humidity 
resulted in a rise in body temperature of undubbed hens from 108.16 
to 108.72°F whereas in dubbed hens the increase was from 108.36 to 
108.39°F* Under similar treatment the heart rate increased from 
247.02 to 254.24 per minute whereas in dubbed bens it reduced from 
242.13 to 229.52.
The respiration rate of dubbed bens was significantly different 
from that in undubbed hens under different ambient temperatures.
An increase in ambient temperature caused a rise in respiration 
rate of undubbed hens from 78*70 to 215*03 per minute whereas the 
same hens under similar conditions after dubbing showed a rise 
from 135*96 to 238.80.
These data do not agree with the report of Wilson (1949) 
who did not find any effect of dubbing on the ability of White Leg­
horn hens to withstand high temperatures. The work of Cole and 
Hutt (1954) and Marks and Siegel (i960) showed that dubbed hens 
which were superior in egg production over undubbed during winter,
dropped down below the egg production level of undubbed hens during 
8ummert suggesting the stressful effect of dubbing ot higher tem- 
peratures.
Prediction of Response: Multiple regression analyses of the
physiological responses with the environmental factors as the only 
independent variables (X) and physiological responses as dependable 
variables (Y) gave low lvalue, suggesting high variation which 
was unaccounted for. Inclusion of quadratic and cubic effects and 
also the products of the factors resulted in an improvement in the 
reliability. The reliability further improved when mean radiant 
temperature (Table 13) vas substituted for temperature and humidity. 
In an attempt to further increase the predictive value, body temper­
ature was included as one of the independent variables in view of 
the possible dependency of respiration rate on the body'temperature. 
The predictive value decreased.
In addition to y,fy, log y and Yy were also predicted. In 
most cases the reciprocal of y showed the lowest reliability among 
other tested y characteristics. A general tendency of slight im­
provement in value was shown withJ y and log y. However, select­
ion of the regression equations for body temperature and respira­
tion rate, from among several in each physiological response group, 
was based not only on predicted value but also on biologically 
acceptable predicted responses. As in all others, all the coef­
ficients in the following selected equations were significant either 
at 1 or 5$ level of probability. The data on observed response
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and predicted values are given in Table 12 and also graphically 
presented in Figures 21 -24.
DT - 106.301 - 0.124 (II) + 0.0018 (ll x M) R2 - .511 
R - 807.936 + 0.495 (h ) - 25.504 (m ) + 0.195 (m )2
r 2 ■ ,664
where: BT - Body temperature (°F)
R ■ Respiration rate (per minute)
II ■ Relative humidity (ji)
M - Mean radiant temperature (°F)
The body temperature of group 11 hens at 90°F and below was
generally lower than those in group I under similar thermal environ­
ment but showed a tendency to be higher around 95®F. However, the 
above body temperature equation, taken from group I data, appears 
to predict similar response in group II under identical condition, 
within a close range. Similarly the respiration rate of group.I 
hens was generally much lower than those in group II at tempera­
tures of 90°F and below but exceeded at 95°F. Therefore the values 
obtained from prediction equation, based on group II data, which 
generally gave low respiratoiy rate than observed group II at low 
temperature appeared to fit reasonably good for group I hens.
Extreme accuracy or equal closeness in prediction for both the groups, 
however, should not be expected because of major variations due to 
the factors such as acclimation, dubbing, age, and duration of 
exposure.
A comparatively wider difference between the observed and
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predicted values at low temperature is apparent. This is probably 
due to the 20 degrees range on which the observed value was cal­
culated. The respiration values predicted by Bouchillon (1969) 
for a 1000 gram chicken at different temperatures and humidities 
are lower, particularly at low temperatures and humidities, when 
compared with the predicted values at the same temperature and 
humidity levels without radiant heat, in this experiment. The 
difference could be due to pooling of the data of undubbed and dub­
bed hens since statistical analysis showed that dubbing increased 
the respiration rate highly significantly. Also, group II hens 
had generally a higher respiration rate probably as a result of 
acclimation to higher level of temperature (HarriBon and Biellier, 
1969)* Other factors as differences in age, size, breed, strain, 
etc. can also be the cause of variation.
Egg Characteristics: The mean values of the egg characteristics
observed in different phases of the experiment under different treat­
ments are given in Table 14. Only the data obtained from group II 
dubbed hens at constant temperature and humidity levels for 10 days 
without and with radiant heat were statistically analyzed (Table 
19) and the break-down of the analysis is given in Table 16. The 
histograms in Figure 25 show the changes in egg characteristics on 
radiant heat exposure of the hens.
As shown in Table 14, the data obtained from group I showed 
an indication of improvement in egg shell thickness on radiant 
heat exposure whereas egg weight remained unaltered. In group II,
1
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on exposure to radiant heat, some decline in egg weight was noticed 
whereas egg shell thickness, albumin height and specific gravity 
were more or less unchanged. However, because of the use of higher 
intensity of radiant heat; difference in sample size; and pooling 
of the data from undubbed and dubbed hens, the trend of decline in 
egg weight and lack of improvement in egg shell thickness could 
not be attributed to any single factor. It appeared more reason­
able to suggest that the change in response was due to high intensity 
of radiant heat at a high temperature of about 86°F, Other 
variations in the results between group I and group II could be due 
to differences in the experimental procedures.
Therefore it w s b  decided to conduct a separate study of egg 
characteristics on the same, recently dubbed, hens by exposing 
them to constant conditions. As radiant heat at 4° black globe 
temperature differential showed a significant beneficial effect in 
group I hens under stress and also gave an indication of increase 
in egg shell thickness, it w s b  selected as an optimal level for 
this study* In the absence of information about the effect of 
radiant heat in relation to egg formation or deposition of egg 
shell and its carry over effect if any, a five hour exposure to 
radiant heat between 9 A.M. and 2 P.M. was arbitrarily selected. 
Analysis of the data on-the characteristics of eggs, collected for 
20 days, showed a significant increase in the specific gravity and 
shell thickness on exposure to radiant heat, both indicating higher 
calcification of the egg shell. The specific gravity increased 
from 1.069 to 1.073 whereas egg shell thickness increased from
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0.0107 to 0.0113 inches (Table 14). The increase in egg weight 
from 33*77 to 33*11 grams and albumin height from 0.82 to 0.84 
mm. was nonsignificant. The variation of response to radiant heat 
among hens, used as replicates, was highly significant for all 
egg characteristics. The effect of radiant heat on albumin height 
was, however, found to be highly significantly dependent on the 
hens. The break-down of the analysis shown in Table 16, would be 
helpful in tracing the sources of variation in response. The eggs 
from hens #2, 3, and 3 showed a reduction in albumin height on 
radiant heat exposure whereaB a reverse trend was shown by henB 
#1 and 4. A trend of increase in egg weight of all hens, though 
nonsignificant, was seen on radiant heat exposure.
These data are in agreement with Ilowes et al_. (1961) who ob­
served a decline in egg shell thickness at ambient temperatures 
above 80°F. However, according to Doyle (1925) eggs with thin 
shells were laid in winter months, on confining the hens. The 
work of Higgins and Sheard (1928) showed the necessity of solar 
irradiation for normal parathyroid cells and later, in 1933t Payne 
and Hughes reported higher shell weight and calcium content in the 
eggs from the hens exposed to ultraviolet rays or sunlight than in 
those away from light. In the light of these reports, it can be 
construed that, contrary to the effect of high ambient temperature, 
solar irradiation increases egg shell calcification, probably by 
stimulating the parathyroid. The shell gland itself has very little 
calcium (Common, 1938). Winget et al. (1958) observed less calcium
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concentration of efferent blood supply from the uterus than that of 
the afferent vessels leading to uterus during shell fonontion. This 
clearly shows that the major calcium supply for egg shell formation 
is from the blood. Decent reports of Sirokiss (1961 and 19&7) and 
Urist (1967) suggest that changes in blood calcium level are as-* 
sociated with variations in estrogen level and it has been established 
that the feed back regulation of gonadotropins and estrogens has 
hypothalamic-adenohypophyBeal control (Guyton, 19&1 and Graber,
1967)* Thus it may be surmised that the increase in egg shell 
thickneBS on exposure to an optimal level of radiant heat is the 
result of increased secretion of estrogens in the body consequent 
to the heating of the hypothalamus. In addition, adrenal cortex 
which normally secrets minute amounts of estrogen (Guyton, 19t>l) 
may actively participate under the hypothalamic control. Further, 
besides the increase in the amount of estrogens in the body, the 
activity of estrogens also appears to increase due to reduction 
in heat production in the body on heating of the hypothalamus, as 
Guyton (19&1) reports that diminished liver function increases 




Results obtained from group I dubbed bens, acclimated to the 
temperature in the range of 60-80°F, indicated a linear increase 
in body temperature from 107.26°F to 108.86°F when ambient tempera­
ture vas increased in the manner shown in phase 11. Such a change 
also resulted in a nonlinear increase in respiration rate from 
30.81 to 229.42 per minute with a major increase at 90°F whereas 
heart rate declined from 234.72 to 213.49 per minute in a linear 
fashion. An increase in relative humidity from below 40$ to above 
60$ resulted in a nonlinear increase in body temperature from 
107.48°F to 109*10°F with a major change at the highest humidity 
level whereas the increase in respiration rate, from 107*32 to 
143.88 per minute, was linear. Neither humidity nor radiant heat 
showed any significant effect on heart rate. Radiant heat, at 2° 
black globe temperature differential, increased body temperature from 
107.86°F to 108.37°F and reduced respiration rate from 162.42 to 
118.22 per minute. A further decline in respiration rate was observ­
ed when radiant heat level was increased to 4° black globe tempera­
ture differential whereas body temperature either declined or re­
mained at the previous level. However, the changes in body tempera­
ture and respiration rate due to increase in ambient temperature 
were found to be dependent on humidity or radiant heat level. 
Similarly, such response to radiant heat depended on ambient tempera­
ture or humidity. Also, radiant heat appeared to enable the hens 
to tolerate higher ambient temperature levels since it showed a
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tendency of minimizing the rate of increase in body temperature 
under increasing temperature btress.
Group II undubbed hens, acclimated to 80-85°F, showed a 
nonlinear increase in body temperature from 107*65°F to 109.35°F 
and in respiration rate from 107*33 to 226.92 per minute on increas­
ing ambient temperature. The major increase occurred at 93°F and 
90°F, respectively. An increase in relative humidity from below 
45J& to above 60j6 resulted in an increase in body temperature from 
108.26°F to 108*55°F whereas the slight increase in respiration 
rate was nonsignificant. When radiant heat level was increased 
a nonlinear increase in body temperature frcm 108.09°F to 108.50°F 
was shown. The nonlinearity was due to the increasing rate of rise 
in body temperature with a slight decline at the highest radiant 
heat level. A linear increase in respiration rate from 149*22 to 
189*33 per minute was also observed* None of the environmental 
factors had any significant effect on heart rate. However, a com­
bined effect of ambient temperature and humidity caused a general 
decline in heart rate. Such interaction also affected body tempera­
ture. The respiration response to radiant heat was found to be 
dependent on ambient temperature and also on humidity.
After dubbing, the respiration rate of group II hens increased 
from 131*66 to 190.30 per minute whereas heart rate declined from 
230.63 to 233*82 per minute. The respiratory response of dubbed 
hens was dependent on temperature and also on humidity. High 
humidity increased the body temperature of undubbed hens from 108»l6°F 
to 108.72°F whereas no distinct increase in the body temperature of
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dubbed hens vas shown. Dubbing, however, did not have any sig­
nificant effect on the response of these hens to radiant heat 
exposure.
A comparison of the data from two groups showed an increase 
in body temperature and respiration rate on an increase in ambient 
temperature or humidity level. The decline in body temperature, 
observed at 4° black globe temperature differential, was not seen
at lower or higher radiant heat levels except at 9° black globe
temperature differential. The 4° level was considered as threshold 
but the decline at 9° level could be the result of either cumulative 
effect of short term exposures or an identical threshold effect of 
one hour exposure to a high radiant heat load. The differences in 
the mean values and rate of increase or decrease of each physiological 
parameter in both the groups, under identical environmental conditions, 
were due to variations between the groups and also due to the dif- 
ferences in the experimental procedures.
The following regression equations derived from the data on 
body temperature and respiration rate showed a prediction reliability 
of 51Jt and 66jfc, respectively.
BT - 106.301 - 0.124 (H) + 0.0018 (H x  M)
R - 807.936 + 0.495 (h ) - 25.504 (m ) + 0.195 (M)2
where: BT - Body temperature (°F)
R ■ Respiration rate(per minut^
II - Relative humidity ($6)
M - Mean radiant temperature (°F)
The study on egg characteristics shoved an increase in egg
i
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shell thickness from 0 ,0107 to 0.0113 inches and specific gravity 
from 1.069 to 1.073 on radiant heat exposure of group II dubbed 
hens. These hens were exposed to radiant heat at 4° black globe 
temperature differential ..for five hours daily during*a 10-day period. 
The increase in egg weight and albumin height were nonsignificant.
The beneficial effect of radiant heat at 4° black globe 
temperature differential was attributed to heating of the hypothalamus 
resulting in increased heat loss. The sense of comfort due to such 
increased heat loss under thermal stress and also the hypothalamic- 
adenohypophyseal control on blood calcium level, through estrogen 
control, was postulated to have increased egg shell thickness on 
radiant heat exposure.
The result of this study and the postulations on the mechanism 
of radiant heat action, however, leave the following questions 
either unanswered or uncertain.
1. What exactly are the thermal and/or cytological changes 
occurring in the hypothalamus on exposure to radiant 
heat?
2. IIow exactly is the hypothalamic control over egg shell 
calcification?
3. Is thermal radiation, as solar radiation, required 
for the maintenance and functioning of parathyroid 
in the birds?
4. Is thermal radiation, at an optimal level, capable 
of activating vitamin D synthesis at the skin level 
as solar radiation does?
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9. If the increased heat loss by cutaneous vasodilation* 
brought about by radiant heat* can play a major role 
in providing comfort to the hens, could it be that 
the importance of evaporative loss in hens is probably 
underes timated?
6. How exactly is the high ambient temperature assisting 
the action of radiant heat?
7. Is radiant heat only absorbed by unfeathered areaB of 
the body, mostly through head, or could it be partially 
through skin by conductive heat transfer from the 
feathers, if feathers are acting as good insulators?
8. What influence do the factors such as age, breed, 
nutrition, acclimation, altitude* health, etc. have 
on the threshold level of radiant heat?
9* Does the oil content in the feathers play an important 




It may be concluded that generally a temperature range of 
85~90oF is a critical zone for White Leghorn layers. This zone may 
slightly shift to the higher level if the birds are acclimated to 
temperatures above 60“80°F range. However, such acclimation appears 
to lower the panting threshold. The humidity levels above 60jt have 
shown stress on the hens at overall ambient temperature levels where** 
as even humidity levels above kQ$> appear to be stressful at or above 
95°F. The response to radiant heat suggests a threshold level at 
or around k° black globe temperature differential. The radiant 
heat levels below and above this threshold increased body tempera­
ture and respiration rate. In the presence of radiant heat, the rate 
of increase in body temperature and respiration rate, consequent to 
increase in ambient temperature, appears to be lowered, particularly 
at high temperatures. Dubbing appears to change the response of 
hens to ambient temperature and also to humidity but not to the 
radiant heat. The increase in body temperature and respiration 
rate in response to radiant heat exposure is generally of much 
lower rate when compared to the rate of increase due to increase 
in ambient temperature or relative humidity. The radiant heat 
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The rmo neutral 
zone —
Rubbing —
Adaptation of a living being to a constant level 
of an environmental factor.
Adaptation of a living being to a set of climatic 
factors under natural or artificial conditions.
A perfect black body is that which absorbs 100$ 
incident radiant energy from warmer objects or 
radiates 100J6 of its energy to cooler objects.
It is a practical inexpensive means of isolating 
mean-radiant-temperature• It shows combined effect 
of radiant energy, air temperature and air velocity, 
thus giving a measure of comfort for nonsweating 
animals.
- Temperature of uniform black enclosure with which 
an object would exchange the same amount of energy 
as in the actual environment.
Total radiation received by an object from all the 
surrounding space. It takes into account only the 
incoming radiation and not the exchange.
A temperature range within which changes in en­
vironmental temperature are associated with little 
or no change in physiological responses.
Surgical removal of comb. ,rUndubbed" refers to 




Table 2 ” Incident radiant heat intensity on the hens at different 















* Mean of the radiating plate temperatures at four locations.
** Measured by Beckman and Whitely Flat Plate Thermal Radiometer 
Model W 188H)1 at 120 volts and calculated from the equation;
G - Kv + 6 Tt4 Btu/hr/ft2
where - G ■ Radiant heat intensity
K - 24.98 Btu/hr/ft2/mv
v ■ Millivolt
6 - 1.72 x 10"9
Tt - Absolute temperature 
(°F + 459.69)
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Table 3 “ Mean body temperature *{°F) of group aa
















































































































Adjusted means from least square analysis of variance.
** Total observations 398* 
+ Standard error.
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Table 4 “ Mean respiration rate *(per minute) of group I**







1 2 3 0 2 4 LevelMean
1 41.88 16.08 34.47 25.54 9 .8 8 57.01 30.81
+14.10 ±9 .0 0 +,18.66 ±8.33 +10.04 +25.26 + 10.01
u „
5  2 45.63 61.99 96.95 140.36 38.92 25.29 68.19■P a) fl M +10.56 +13.61 ±11.53 +14.05 ±11.23 ±10.47 ±6.96w at ph■H ft # .B ► 3 132.66 211.61 208.88 243.38 186.25 123.52 184.38B (U Cl ±14.99 +14.13 ±11.97 +20.64 +10.98 +11.03 ±8.45
4 209.35 235.96 243.21 240.39 237.82 210.06 229.42
+11.18 +12.98 +9.72 ±12.99 ±9.45 ±11.45 +6.56
v V d
O p +> B
O  (0 «  u^  o «Oas 0 *hpH Ct -H
0 122.00 166.26 199.00
± 12.12 +13 .18 +10.36
2 97.06 148.07 109.52
+8.40 +9.25 ±9.45






162.42 118.22 103.97 
±7.31 ± ^ .2 2 +7.85
* Adjusted means from least square analysis of variance.
** Total observations 157.
+ Standard error.
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Table 5 “ Mean heart rate *(per minute) of group I** as
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* Adjusted means from leaBt square analysis of variance.
** Total observations 398*
+ Standard error.
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Table 6 - Analysis of physiological response of group 1 










Temperature 5 30.35** 3735.43* 586607.57**
Linear 1 88.56** 10074.46** 1687275.99**
Quad. 1 1.78 65.55 1354.45
Cubic 1 0.71 1066.28 71192.27**
Relative
Humidity 2 70.87** 1013.26 41222.15**
Linear 1 130.09** 80878.15**
Quad. 1 11.66** 1566.16**
Black Globe 2 5.99** 3380.01 66003.67**
Linear 1 4.84 116367.87**
Quad. 1 7.13* 15639.46*
Temperature X 
Humidity 6 4.57** 1821.84 11465.58**
Temperature X 
Black Globe 6 4.02** 2067.85 24567.00**
Humidity X 
Black Globe 4 24.46** 1666.16 26176.93**
Residual yik 1.26 1280.68 3702.37
** Highly significant (F£ .01) 
* Significant (P£ .05)
I
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Table 7 — Mean body temperature (°P) of group II** os





Black Globe Temperature 
Differential
1 3 0 3 6 9 LevelMean
2 107.71 107.59 107.41 107.58 108.05 107.57 107.65
V
+0.13 +0.11 +0.11 +0.13 ±0.13 ±0.30 ±0.09
3 3 108.13 108.31 108.04 108.05 108.45 108.34 108.22
-P  flJ 
fl U +0 .08 +0.08 +0 .1 2 +0 .11 ±0 .1 2 ±0 .10 +0 .06
•H CU 4)-2 a >  i.a  «  m 4 108.94 109.76 108.81 109.34 109.64 109.60 109.35





0) rH0 <d 3 108.23 108.41
•s
G
S S•P c 0} 0)
±0 .1 0 ±0 .10








Level 108.26 108.55 108.09 108.32 108.71 108.50
Mean ±0 .0 6 ±0.05 ±0.07 ±0.07 +0 .0 7 ±0.11
* Adjusted means from least square analysis of variance.
** Pooled (undubbed & dubbed) observations 485.
+ Standard error.
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Table 8 - Mean respiration rate *(per minute) of group II**





Black Globe Temperature 
Differential
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* Adjusted means from least sguare analysis of variance.
** Fooled (undubbed & dubbed) observations 489.
±  Standard error.
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Table 9 " Mean heart rate *(per minute) of group II** as





Black Globe Temperature 
Differential
1 3 0 3 6 9 LevelMean
2 254.31 240.00 254.94 238.52 249.36 245.80 247.15
a> +5.44 +4.62 ±4.70 ±5*38 ±5.76 ±12.81 ±3.89h
5 243.36 235.79 242.55 240.85 231.30 243.61 239.58■+* oj a ±3*39 +3.43 ±5.17 ±4.79 ±5.17 ±4.13 +2.42











0  (t) u  I* h s 
■M Q) 0) O 
























* Adjusted meanB from least square analysis of variance.
** Pooled (undubbed & dubbed) observations 485•
+, Standard error.
Table 10 “ Dubbing effect on physiological response of group II* to environmental factors 
and their single-order interactions. (Mean + standard error)
Ambient Relative Black Globe Temperature
Temperature Level Ilumiditv Level Differential Level















































































































































Level Mean 247.15 239.58 242.95 244.57 241.88 243.30 240.69 241.68 247.24
________________ *3.89 ±2.42 ±2.66 ±2.42 +2.29 *2.91 ±2.98 ±3.15 *4.69
* Adjusted means from least square analysis of variance. Total observations 485 (Undubbed • 247 & 
Dubbed « 238).
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Table 11 ~ Analysis of physiological response of group II to











(Dubbing) 1 0.411 23490.99** 159952.08**
Temperature 2 87.044** 1496.56 348653.06**
Linear 1 166.870** 685018.59**
Quad. 1 7.218** 12287.52*
Relative Humidity 1 9.071** 774.15 6283.83
Black Globe 3 7.994** 544.18 26255.29**
Linear 1 17.847** 77411.20**
Quad. 1 3.196* 1194.26
Cubic 1 2.937* 160.42
Group X 
Temperature 2 1.536 1992.89 8756.49*
Group X 
Humidity 1 8.080** 11047.13** 2510.00
Group X 
Black Globe 3 1.016 1267.73 3264.69
Temperature X 
Humidity 2 7.92<f* 7497.03** 1907.26
Temperature X 
Black Globe 6 0.740 2134.60 4649.63*
Humidity X 
Black Globe 3 0.994 864.81 5135.30*
Residual 460 0.580 1068.06 1887.41
** Highly significant (P.c .01) 
* Significant (P*.05)
Table 12 - Comparison of adjusted and predicted means for 
body temperature and respiration.
Ambient Black
Temperature Globe Body Temperature* (°F) Respirations* (per minute)
Level Temperature
Differential Means « Adjusted_____ Predicted** Adjusted___________ Predicted**
Humid 
Level ». J. 3 1 3 1 3 1 ... 3
1 0 106.74 107.90 106.37 106.45 a.
2 107.47 108.09 106.47 106.65 - - —
4 107.18 108.72 106.69 107.13 — — —
2 0 107.56 108.40 107.32 108.48 107.11 109.15 66.30 86.10
2 107.92 108.22 107.40 108.66 — - - -
3 - - - - 127.76 126.28 82.96 102.76
4 107.59 108.81 107.49 108.85 — - - —
6 — — — - 135.20 134.83 101.01 120.81
9 * • — 139.36 148.70 120.39 140.19
3 0 107.80 109.01 107.63 109.15 160.86 168.06 109.40 129.20
2 108.40 109.07 107.72 109.33 — — — —
3 — — - - 171.81 175.49 129.48 149.28
4 107.82 109.41 107.80 109.51 - - - -
6 - - - — 175.76 180.54 150.91 170.719 * 181.00 195.50 173.52 193.92
4 0 107.92 109.25 107.95 109.83 194.30 199.38 162.26 182.06
2 108.21 108,99 108.03 110.00 - - - —3 - - - - 203.37 204.93 185.64 205.44
4 107.89 109.60 108.11 110.18 - - - —
6 - - — - 213.39 216.06 210.12 229.92
.9 . - — - - 211.18 223.56 235.92 255.72
next page
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Table 12 ~ Continued
* Adjusted means for body temperature are from group I and for respiration, 
from group II
** Predicted values are obtained from regression equations:
BT » 106.301 - 0.124 (H) + 0.0018 (II x M) R2 - .511 (Group l)
& R « 807.936 + 0.495 (H) - 25.504 (M) + 0.195 (M)2 R2 - .664 (Group II)
where: BT « Body Temperature (°F)
R ■ Respirations (per minute)
H ■ Relative humidity {%)
M ■ Mean Radiant Temperature (°F)
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Table 13 ~ Mean Iladiant Temperature as used at different levels 
of Black Globe Temperature Differential*
Black Globe Temperature Differential (°F)
0 2 3 4 6 9
60 61.59 - 63.16 - -
65 66.54 - 68.07 - -
70 71.50 - 72.98 - -
75 76.46 - 77.90 - -
80 81.42 82.12 82.82 84.22 86.29
85 86.38 87.07 87.75 89.11 91.12
90 91.34 92.01 92.67 94.00 95.96
95 96.31 96.96 97.60 98.89 100.81
* Calculated from the equation:
t8 - 100 (Tg/l00)4+ 1.028 V(tg-ta) ^ “460
(Bond & Kelly 1955)
where.’- ts * Mean Radiant Temperature (°F)
tg » Temperature of Black Globe (°F) 
ta « Temperature of Air (°F)
V ■ Air Velocity (fpm)
Tg ■ tg + 460
1
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Table 14 ~ Mean egg characteristics as affected by different 
levels of radiant heat load.
Egg
Characteristics Group I Group II Group II*
Treatment** ■ 0 1 0 1 0 1











































* Dubbed hens at a constant 86+l°F and 50"60j£ relative humidity.
** Treatment 0 ■ Without radiant heat.
Treatment 1 ■ With radiant heat:
Group I “ at 2 or 4° black globe temperature 
differential.
Group II — at 3* 6 or 9° black globe temperature 
differential.




Table 15 — Analysis of Egg Characteristics from group II exposed 
















Hens 4 0.996** 0.00027** 371.654** 0.115
Treatment 1 0.191 0.00027* 61.821 0.064*
Hens x 
Treatment 4 0.035 0.00009 401.002** 0.011
Residual 58 0.143 0.00004 69.335 0.016
** Highly significant (P£ .01) 
* Significant (P£ .05)
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Table 16 ~ Means & standard errors* of egg characteristics of
group II hens exposed to 0 & 4° Black Globe Temperature 
Differential for 10 days, each.
N Egg Veight Specific Albumin Shell
(gm.) Gravity Height Thickness














1 x 0  9
1 x 1  7
2 x 0  5
2 x 1  7
3 * 0  9
3 x 1  8
4 x 0  5
4 x 1  5
3 x 0  6







































































EFFECT OF LOCAL INJURY
" ' | Hen # 2 !  i | !
Electrodes' pinned '  ! !'j .  . .  i  _
! Heart{Rate 270/mt. j Resp.jRate 48/rat.
7 . On electrode 
pinning
;(paper|speed 1 cm./sec.)
' i  i  Hen #  2




Heart Rate -364/mt.1 i 





Amb. Temp.70 F 
Rel. Humid.547.
; Heart Rate 216/rat. 
. Reap. Rate ; 15/rat.i ! * ' ; 1 1
(paper speed 1;cm./sec
i ! !
Figure 9 .Undisturbed hen /
Hen # 2
: ; IRestrained) (legs tied)
• j • , • : ;Heart. Rate 328/mt. I 
Reap.) Rate 39/'mt. 1
i
— ](paper-speed l1 cm./sec.)
Figure 10 .Restrained hen
EFFECT OF HIGH AMBIENT TEMPERATURE
Figure 11. At 86 F .
Hen # 2
j  lAmb. Temp. 86°F. > j
T'jRel. Humid.58% j
- j  | Heart Rate 244/mt. j
Resp. Rate 138/mt. |
((paper speed 1 cm./sec'.
Amb.jTemp. 95°F«; 
Rel.!Humid.427.
'Heart. Rate 226/mt., 
:Respt Rate 306/mt.I
(paper .speedI i ill.lcra./sec'.)i i
I i
i i
























Amb. Temp. Level Q
Rel. Humidity Level 
Bl, Globe r—-I 
Temp.Diff ,Llll O
© 0A A
0  □ 0  D □
© A
a  a a
Figure 13* Response of group I hens to ambient temperaturet relative 






















Amb. Temp. Level O
Rel. Humidity Level 
Bl. Globe
Temp. DiffliU O □  Q □ □ 0  o □ Q
Figure 14* Response of group II hens to ambient temperature, relative 
humidity and radiant heat.
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LEGEND FORJIGURES 15 to 25.
RADIANT HEAT LOAD









60 - 80° F. ( T1 ) i
85° F. ( T2 ) 2
90° F. ( T3 ) 3
95° F. ( T4 ) 4
RELATIVE HUMIDITY
Below 401% ( Level 1 ) □
□
B
40 - 60% < Level 2 )
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Figure 18. Mean body temperature of undubbed and subsequently dubbed hens under














Figure 19. Mean respiration rate of undubbed and subsequently dubbed hens under
















Figure 20. Mean heart rate of undubbed and subsequently dubbed hens under different
sets of thermal environment.
GROUP II 
Dubbing Effect
Figure 21. Comparison of observed and predicted












Black Globe Temperature Differential
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Figure 22, Comparison of observed and predicted











Black Globe Temperature Differential
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Figure 23. Comparison of observed and predicted










Black Globe Temperature Differential
t
123
Figure 24. Comparison of observed and predicted












Black Globe Temperature Differential
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